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Å$OOHU$QIDQJLVWVFKZHU
'DVPDJLQHLQHPJHZLVVHQ6LQQHZDKUVHLQ
DOOJHPHLQHUDEHUNDQQPDQVDJHQ
DOOHU$QIDQJLVWOHLFKW
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
$%675$&7
'LIIHUHQWDSSURDFKHVWRREWDLQOLJKWUHVSRQVLYHPHPEUDQHVZLWKWKHDELOLW\WRVZLWFKWKHLUFDIIHLQH
SHUPHDELOLW\UHVLVWDQFHZHUHGHYHORSHGLQDFRSRO\PHUL]DWLRQDQGLQDSRVWPRGLILFDWLRQSURFHVV
6\QWKHVLVRIVL[SKRWRFKURPLFPHWKDFU\OLFDQGDFU\OLFVSLURS\UDQVDQGVSLURR[D]LQHVZDVVXFFHVVIXOO\
DFKLHYHG &RSRO\PHUL]DWLRQ RI WKHVH PRQRPHULF VSLURFRPSRXQGV UHVXOWHG LQ SKRWRFKURPLF
PDWHULDOV$GGLWLRQDOO\DVSLURS\UDQZLWKFDUER[\OLFDFLGIXQFWLRQDOLW\ZDVV\QWKHVL]HG7KLVHQDEOHG
WR SRVWPRGLI\ QRQSKRWRFKURPLF SRO\PHULFPDWHULDOVZLWK DOFRKROV RU DPLQHV RQ WKHLU VXUIDFH WR
REWDLQSKRWRFKURPLFPDWHULDOV
7KH ILUVW GHYHORSHG DSSURDFK ZDV WR FRDW SRURXV SRO\PHULF PHPEUDQHV ZLWK SKRWRFKURPLF
PDWHULDOV&RYDOHQWO\OLQNHGFRDWLQJVZHUHDFKLHYHGHLWKHUE\VXUIDFHLQGXFHGDWRPWUDQVIHUUDQGRP
SRO\PHUL]DWLRQ$753RUE\SODVPDDFWLYDWLRQRIWKHPHPEUDQHVXUIDFHIROORZHGE\UDQGRPIUHH
UDGLFDOSRO\PHUL]DWLRQ&RSRO\PHUL]DWLRQRIVSLURFRPSRXQGVGXULQJWKHFRDWLQJSURFHVVDVZHOODV
SRVWPRGLILFDWLRQ RI SUHIRUPHG QRQSKRWRFKURPLF FRDWLQJV ZLWK VSLURS\UDQ UHVXOWHG LQ
SKRWRFKURPLFPHPEUDQHV89LUUDGLDWLRQRIVXFKPHPEUDQHVUHVXOWHGLQDVWURQJFRORUDWLRQRIWKH
PHPEUDQHLQDUHGXFWLRQRIVXUIDFHWHQVLRQDQGLQDGHFUHDVHGFDIIHLQHSHUPHDELOLW\UHVLVWDQFH
3ODVPD DFWLYDWLRQ UHVXOWHG LQ WKLQ FRDWLQJV ZLWK WKLFNQHVVHV EHORZ  QP 1HYHUWKHOHVV LW ZDV
SRVVLEOH WR SURGXFH DPHPEUDQH WKDW UHGXFHG LWV FDIIHLQH SHUPHDELOLW\ UHVLVWDQFH RI DERXW 
ZKHQWKHPHPEUDQHZDVLUUDGLDWHGZLWK89OLJKWFRPSDUHGWRPHDVXUHPHQWVDWGD\OLJKW
7KLFNQHVVHV RI $753FRDWLQJV ZHUH IRXQG WR EH GHSHQGLQJ RQ WKH SRO\PHUL]DWLRQ WLPH DQG WKH
PRQRPHU FRQFHQWUDWLRQ GXULQJ WKH SRO\PHUL]DWLRQ SURFHVV ,I WRR PXFK FRDWLQJ ZDV RQ WKH
PHPEUDQHQRFDIIHLQHSHUPHDELOLW\ZDVDQ\ORQJHUGHWHFWDEOH,IWKHUHZDVQRWHQRXJKFRDWLQJRQ
WKHPHPEUDQH WKHFDIIHLQHSHUPHDELOLW\ UHVLVWDQFHZDVQRW VZLWFKLQJ7KHUHIRUHDQ LQWHUPHGLDWH
FRDWLQJWKLFNQHVVWXUQHGRXWWREHLPSRUWDQWIRUWKHSURGXFWLRQRIXVHIXOSKRWRFKURPLFPHPEUDQHV
0HPEUDQHVSURGXFHGZLWKDQ$753SURFHVVORZHUHGLQWKHEHVWFDVHWKHLUSHUPHDELOLW\UHVLVWDQFH
RIDERXWXQGHU89LUUDGLDWLRQFRPSDUHGWRPHDVXUHPHQWVDWGD\OLJKW
3URGXFWLRQ RI QRQSRURXV SKRWRFKURPLF PHPEUDQHV ZDV DFKLHYHG E\ SURGXFLQJ DPSKLSKLOLF
FRQHWZRUNV FRQWDLQLQJ VSLURS\UDQV89LUUDGLDWLRQ RI VXFK SKRWRFKURPLF DPSKLSKLOLF FRQHWZRUNV
UHVXOWHG LQ D UHG FRORUDWLRQ DQG LQ D GHFUHDVHG FDIIHLQH SHUPHDELOLW\ UHVLVWDQFH &KDQJLQJ WKH
FRPSRVLWLRQRIWKHDPSKLSKLOLFFRQHWZRUNDOORZHGWXQLQJWKHEDVLFFDIIHLQHSHUPHDELOLW\UHVLVWDQFH
&RSRO\PHUL]DWLRQRI VSLURS\UDQGXULQJ WKHSURGXFWLRQRI WKHDPSKLSKLOLFFRQHWZRUNUHVXOWHG LQD
PHPEUDQH WKDW ORZHUHG LWV FDIIHLQH SHUPHDELOLW\ UHVLVWDQFH XQGHU89LUUDGLDWLRQ RI DURXQG 
FRPSDUHGWRPHDVXUHPHQWVDWGD\OLJKW
&RPELQDWLRQRISRURXVPHPEUDQHVZLWKDPSKLSKLOLFFRQHWZRUNVZDVDFKLHYHGLQDJUDIWLQJWKURXJK
SURFHVV 7KH VXUIDFH RI D SRURXV PHPEUDQH ZDV FRDWHG ZLWK DFU\OLF XQLWV DQG WKH DPSKLSKLOLF
QHWZRUNZDVSURGXFHGRQWKDWVXUIDFH7KLVFRYDOHQWO\OLQNHGDPSKLSKLOLFFRQHWZRUNUHVXOWHGLQDQ
LQYHUVHG SHUPHDELOLW\ VZLWFK 7KH FDIIHLQH SHUPHDELOLW\ UHVLVWDQFH ZDV DERXW HLJKW WLPHV KLJKHU
XQGHU89LUUDGLDWLRQWKDQDWGD\OLJKW
6WDELOLW\PHDVXUHPHQWVXQGHU89LUUDGLDWLRQVKRZHGWKDWSRVWPRGLILHGPHPEUDQHVKDGLQJHQHUDO
ORZHUIDGLQJUDWHVWKDQFRSRO\PHUL]HGPHPEUDQHV
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,DPYHU\JUDWHIXOWR
− /XNDV6FKHUHUIRUVXSHUYLVLQJP\3K'VWXGLHVDW(03$DQGIRUDOOWKHIUXLWIXOGLVFXVVLRQV
DQG LQSXWV ,DSSUHFLDWHG WKHJRRGFROODERUDWLRQDQG WKHVWLPXODWLQJDPELHQFHZLWKLQ WKH
PHGLFDOWH[WLOHJURXSDW(03$
− 5HQp 5RVVL ZKR DOORZHG PH WR ZRUN LQ KLV ODERUDWRU\ , HQMR\HG WKH RSHQ PLQGHG DQG
LQWHUGLVFLSOLQDU\DWPRVSKHUHLQWKHODERUDWRU\IRUSURWHFWLRQDQGSK\VLRORJ\
− P\GRFWRUIDWKHU:ROIJDQJ0HLHUIRUPHQWRULQJDQGVXSSRUWLQJPHGXULQJP\3K'VWXGLHV
− 0DUFXV7H[WRUZKRDJUHHGWREHVHFRQGH[DPLQHUIRUP\3K'WKHVLV
− 6PDKDQ 7RXJKUDL IRU DOO KHU KHOS UHJDUGLQJ YDULRXV WKLQJV DW 8QLYHUVLW\ RI %DVHO HJ
HOHPHQWDODQDO\VLV$)0PHDVXUHPHQWRUGLVFXVVLRQDERXWVXUIDFHLQGXFHG$753
− -XVW\QD.RZDOIRUVXSSRUWLQJPHZLWKHOOLSVRPHWULFPHDVXUHPHQWV
− 0DUWLQ5RWKHUDQG1LFR%UXQV7KH\SURYLGHGDORWRINQRZOHGJHDERXWWKHSURGXFWLRQDQG
DQDO\VLVRIDPSKLSKLOLFFRQHWZRUNV
− 6DEULQD .SIHU ZKR SHUIRUPHG D ORW RI H[SHULPHQWV ZLWK SKRWRFKURPLF DPSKLSKLOLF
FRQHWZRUNVZLWKLQWKHVFRSHRIKHUPDVWHU·VWKHVLV
− 6XVDQQH:LGPHUIRUDOOKHUH[SHULPHQWVFRQGXFWHGZLWKSKRWRFKURPLFPHVRSRURXVVLOLFDWHV
ZLWKLQKHUPDVWHU·VWKHVLV5HVXOWVQRWVKRZQLQWKLVWKHVLVDQGIRUSURRIUHDGLQJ&KDSWHU
− %DUEDUD+DQVHOPDQQ8UV6FKW]DQG'LUN+HJHPDQQIRUDOOWKHLUKHOSUHJDUGLQJSODVPD
SURFHVVHV
− .DUO .HKO DQG 6RILD $O *RUDQL6]LJHWL IRU SHUIRUPLQJ WLPH FRQVXPLQJ SHUPHDELOLW\
PHDVXUHPHQWV
− $\ELJH$\JHQZKRSHUIRUPHGVHYHUDOV\QWKHWLFVWHSVGXULQJKHULQWHUQVKLSDW(03$
− 'DQLHO5HQWVFKIRUSHUIRUPLQJWKH105PHDVXUHPHQWV
− 3DWULFN5XSSHUIRUSHUIRUPLQJWKH;36PHDVXUHPHQWV
− /DHWLWLD%HUQDUGIRUSHUIRUPLQJWKH7R)6,06DQDO\VLV
− $OLDNVHL9HWXVKNDDQG3DWULN6FKPXW]IRUWKHLUVXSSRUWUHJDUGLQJ$)0PHDVXUHPHQWVDW
(03$
− 'RPLQLN0DUWLDQG0DUWLQ)UHQ]IRUWKHFROODERUDWLRQUHJDUGLQJWKHWZRSKRWRQDQDO\VLV
− *HOX0DULXV 5RWDUX IRU KLV VXSSRUW UHJDUGLQJ WKH WULERORJ\ PHDVXUHPHQWV 5HVXOWV QRW
VKRZQLQWKLVWKHVLV
− RXUSDUWQHUVIURP8QLYHUVLW\+RVSLWDO=XULFK²0DUWLQ:ROIDQG'DPLHQGH&RXUWHQ²IRU
WKHLQWHUHVWLQJGLVFXVVLRQVDQGWKHQRQEXUHDXFUDWLFFROODERUDWLRQ
− 7KRPDV%DXPDQQIRUSURRIUHDGLQJWKHZKROHPDQXVFULSWRIWKLVWKHVLV
− 0D[ $HEHUKDUG (OLVDEHWK 0LFKHO 8UV %QWHU DQG %HQQR :VW IRU WKHLU KHOSIXOQHVV LQ
YDULRXVFRQFHUQV
7KHILQDQFLDOVXSSRUWRI153²VPDUWPDWHULDOV²LVDFNQRZOHGJHG
/DVWEXWQRW OHDVW ,DPYHU\JUDWHIXO WRDOO WKHSHRSOHZKRVXSSRUWHGPH LQP\QRQVFLHQWLILF OLIH
GXULQJWKHODVWWKUHH\HDUV
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©F GLIIHUHQFHLQFRQFHQWUDWLRQ
©P GLIIHUHQFHLQZHLJKW
©7 GLIIHUHQFHLQWHPSHUDWXUH
$ DUHD
$F&O DFHW\OFKORULGH
$F2+ DFHWLFDFLG
DFW DFWLYDWLRQ
$(0$ DPLQRHWK\OPHWKDFU\ODWH
$)0 DWRPLFIRUFHPLFURVFRS\
$036 DFU\ODPLGRPHWK\OSURSDQHVXOIRQLFDFLG
$5*(7 DFWLYDWRUVUHJHQHUDWHGE\HOHFWURQWUDQVIHU
$VF$ DVFRUELFDFLG
$W DWRPLFSHUFHQWDJH
$75 DWWHQXDWHGWRWDOUHIOHFWDQFH
$753 DWRPWUDQVIHUUDGLFDOSRO\PHUL]DWLRQ
%$%( %DQGEHVFKLFKWXQJVDQODJH
ELS\ 
ELS\ULGLQH
F FRQFHQWUDWLRQ
&$ FRQWDFWDQJOH
FDII &DIIHLQH
&'&O &KORURIRUPGHXWHUDWHG
&3 FRSRO\PHUL]DWLRQ
' GLIIXVLRQFRHIILFLHQW
G WKLFNQHVV
GHDFW GHDFWLYDWLRQ
'&& 11
GLF\FORKH[\OFDUERGLLPLGH
'&0 GLFKORURPHWKDQH
'/ GD\OLJKW
'0$3 GLPHWK\ODPLQRS\ULGLQH
'0) GLPHWK\OIRUPDPLGH
'062 GLPHWK\OVXOIR[LGH
($ HOHPHQWDODQDO\VLV
('&, HWK\OGLPHWK\ODPLQRSURS\OFDUERGLLPLGH
(6, HOHFWURQVSUD\LRQL]DWLRQ
(W2 GLHWK\OHWKHU
(W2$F HWK\ODFHWDWH
(W2+ HWKDQRO
) IOX[
)'$ IRRGDQGGUXJDGPLQLVWUDWLRQ

&$%%5(9,$7,216
+&O K\GURFKORULFDFLG
+($ K\GUR[\HWK\ODFU\ODWH
+(0$ K\GUR[\HWK\OPHWKDFU\ODWH
+0%& KHWHURQXFOHDUPXOWLSOHERQGFRUUHODWLRQVSHFWURVFRS\
+64& KHWHURQXFOHDUVLQJOHTXDQWXPFRUUHODWLRQVSHFWURVFRS\
+[ KH[DQH
,QLW LQLWLDWRU
,5 LQIUDUHG
N VSHHGRIUHDFWLRQ
/5 ORZUHVROXWLRQ
0 PRQRPHU
0$$ PHWKDFU\OLFDFLG
0& PHURF\DQLQH
0H&1 DFHWRQLWULOH
0(. PHWK\OHWK\ONHWRQHEXWDQRQH
0HP PHPEUDQH
0H2+ PHWKDQRO
00$ PHWK\OPHWKDFU\ODWH
06 PDVVVSHFWURVFRS\
PX PDVVXQLWV
1 QXPEHURIPROHFXOHV
105 QXFOHDUPDJQHWLFUHVRQDQFHVSHFWURVFRS\
12(6< QXFOHDURYHUKDXVHUHIIHFWVSHFWURVFRS\
2FW RFWDQRLFDFLG
RULJ RULJLQDO
S SRO\
3& SRO\FDUERQDWH
3', SRO\GLVSHUVLW\LQGH[
3'06 SRO\GLPHWK\OVLOR[DQH
3'06
 ELWHOHFKHOLFSRO\GLPHWK\OVLOR[DQH
3(6 SRO\HVWHU
3(6) SRO\HWKHUVXOIRQH
3K&O FKORUREHQ]HQH
3LS SLSHULGLQH
30 SRVWPRGLILFDWLRQ
3/& SUHSDUDWLYHOD\HUFKURPDWRJUDSK\
3RO SRO\PHUL]DWLRQ
39') SRO\YLQ\OLGHQHIOXRULGH
5 SHUPHDELOLW\UHVLVWDQFH
5 UHIOHFWLRQLQ
5$)7 UHYHUVLEOHDGGLWLRQîIUDJPHQWDWLRQFKDLQWUDQVIHUSRO\PHUL]DWLRQ
5) UDGLRIUHTXHQF\
57 URRPWHPSHUDWXUH

'$%%5(9,$7,216
5[Q UHDFWLRQ
6 VZHOOLQJ
6(0 VFDQQLQJHOHFWURQPLFURVFRS\
62 VSLURR[D]LQH
63 VSLURS\UDQ
7 WHPSHUDWXUH
W WLPH
7 WUDQVPLVVLRQLQ
7%0( WHUWEXW\OPHWK\OHWKHU
7( WUDFNHWFKHG
7(0 WUDQVPLVVLRQHOHFWURQPLFURVFRS\
7(:/ WUDQVHSLGHUPDOZDWHUORVV
7+) WHWUDK\GURIXUDQ
7/& WKLQOD\HUFKURPDWRJUDSK\
706 WULPHWK\OVLO\O
7RI6,06 WLPHRIIOLJKWVHFRQGDU\LRQVPDVVVSHFWURVFRS\
7RO WROXHQH
89 XOWUDYLROHW
9 YROXPH
9LV YLVLEOH
YRO YROXPH
ZW ZHLJKW
; KDOLGH
;36 [UD\SKRWRHOHFWURQVSHFWURVFRS\
 ,1752'8&7,21
 ,1752'8&7,21
 027,9$7,21
3UHWHUPQHRQDWHVVKRZDQLQFUHDVHGULVNRIDSQHDGXHWRWKHIDFWWKDWWKHLUUHVSLUDWRU\V\VWHPVDUH
QRWIXOO\GHYHORSHG\HW6FKPLGWHWDODSSOLHGPJFDIIHLQHSHUNLORJUDPERG\ZHLJKWSHUGD\WR
SUHWHUP QHRQDWHV WR SUHYHQW DSQHD DQG LQFUHDVHG WKDW GRVH WR  PJ FDIIHLQH SHU NLORJUDP
ERG\ZHLJKW SHU GD\ LI DSQHD SHUVLVWHG 7KLV FDIIHLQH WUHDWPHQW UHVXOWHG LQ DQ LQFUHDVHG UDWH RI
VXUYLYDOZLWKRXWGLVDELOLW\RISUHWHUPQHRQDWHVEHFDXVHRIORZHUHGRFFXUUHQFHRIDSQHD
7RGD\FDIIHLQH LVDSSOLHGRUDOO\RU YLD LQIXVLRQ2UDODSSOLFDWLRQRIDGUXJUHVXOWVXVXDOO\ LQDELJ
GHYLDWLRQ RI GUXJFRQFHQWUDWLRQ LQ WKH ERG\ RYHU WLPH 7KLV GHYLDWLRQ LQFOXGHV WKH ULVN RI DQ
RYHUGRVHVKRUWO\DIWHUDSSOLFDWLRQRUDQXQGHUVXSSO\DWD ODWHUVWDJH)LJXUH$SSOLFDWLRQYLD
LQIXVLRQDOORZVEHWWHUFRQWURORIWKHGUXJFRQFHQWUDWLRQLQWKHERG\EXWDOZD\VLQYROYHVDKLJKULVN
RILQIHFWLRQV)RUSUHWHUPQHRQDWHVDQ LQIHFWLRQUHSUHVHQWVDOLIHWKUHDWHQLQJVLWXDWLRQDQGKDVWR
EHDYRLGHGDV IDUDVSRVVLEOH 7KHXOWLPDWHREMHFWLYHRIGUXJ WKHUDS\ LV WKHUHIRUHDQRQLQYDVLYH
GHYLFHZKLFK VHQVHV WKH SDWLHQW·V GUXJ UHTXLUHPHQW DQG WKHQ GHOLYHUV WKH ULJKWGRVHRI WKH DFWLYH
DJHQWDWWKHULJKWUDWH7UDQVGHUPDOGUXJGHOLYHU\LVWKHPRVWSURPLQHQWDSSURDFKIRUQRQLQYDVLYH
WKHUDSLHV&DIIHLQH LVNQRZQIRU LWVDELOLW\ WRSHQHWUDWHVNLQTXLWHHDVLO\ 7KHUHIRUHLW LVDJRRG
FDQGLGDWHIRUDWUDQVGHUPDOGHOLYHU\DSSURDFK
7KHFDIIHLQHFRQFHQWUDWLRQLQWKHERG\DIWHUWUDQVGHUPDOGUXJGHOLYHU\LVQRWRQO\LQIOXHQFHGE\WKH
UDWHRIFDIIHLQHGHOLYHU\EXWDOVRE\WKHUHVLVWDQFHRIWKHVNLQWRZDUGVFDIIHLQH7KHVNLQRISUHWHUP
QHRQDWHV UHSUHVHQWV RQO\ D PLQLPDO KLQGUDQFH IRU FDIIHLQH GLUHFWO\ DIWHU ELUWK GXH WR WKH
XQGHYHORSHGVWUDWXPFRUQHXPHVSHFLDOO\RISUHWHUPQHRQDWHV7KLVHDVHVWKHWUDQVGHUPDOFDIIHLQH
GHOLYHU\ 6LQFH WKH VNLQ SURSHUWLHV RI QHRQDWHV FKDQJH UDWKHU UDSLGO\ DQG WKH UHVLVWDQFH WRZDUGV
FDIIHLQHLQFUHDVHVRYHUWLPHLWLVQRWVXLWDEOHWRGHYHORSDWUDQVGHUPDOFDIIHLQHGHOLYHU\V\VWHPZLWK
D IL[HG GHOLYHU\ UDWH  7KHUH LV DOVR DPDMRU GHYLDWLRQ LQ VNLQ UHVLVWDQFH FRPSDULQJ WKH VNLQ RI
GLIIHUHQW SDWLHQWV$ GHYLFH DGDSWLQJ LWV FDIIHLQHGHOLYHU\ UDWH WULJJHUHG E\ DQ H[WHUQDO VWLPXOXV
UHSUHVHQWV D VXLWDEOH VROXWLRQ IRU WKH SUREOHP ZLWK GLIIHUHQW DQG FKDQJLQJ VNLQ UHVLVWDQFHV 
&KDQJLQJWKHGHOLYHU\UDWHRIWKHVHWXSDOORZVFRPSHQVDWLQJIRUWKHFKDQJHLQVNLQUHVLVWDQFH7KH
HDVLHVWGHVLJQRIDQDGDSWLYHGHYLFHLVDV\VWHPZLWKDKLJKDQGDORZGHOLYHU\UDWH6XFKDWRZOHYHO
GHYLFHKDVDKLJKSRWHQWLDOIRUDSSOLFDWLRQLQDWUDQVGHUPDOGUXJGHOLYHU\VHWXS&RQQHFWLQJDWZR
OHYHO GHOLYHU\ V\VWHP WR DQ DSSURSULDWH VHQVRU DOORZV FRQWUROOLQJ WKH FDIIHLQH GHOLYHU\ WR D KLJK
GHJUHH7KHGHOLYHU\V\VWHPFRXOGEHNHSWDWLWVKLJKGHOLYHU\UDWH)KLJKXQWLOWKHVHQVRUGHWHFWVD
GHILQHGPD[LPDOFDIIHLQHFRQFHQWUDWLRQFPD[7KHQWKHV\VWHPKDVWREHVZLWFKHGWRLWVORZGHOLYHU\
UDWH)ORZXQWLODPLQLPDOFDIIHLQHFRQFHQWUDWLRQFPLQLVUHDFKHG6ZLWFKLQJWKHGHOLYHU\UDWHEDFN
DQGIRUWKDOORZVNHHSLQJFDIIHLQHFRQFHQWUDWLRQLQWKHERG\ZLWKLQDGHILQHGUDQJH)LJXUH
)RU WKH GHYHORSPHQW RI D GUXJ GHOLYHU\ V\VWHP LW LV LPSRUWDQW WKDW DOO WKH XVHG FRPSRQHQWV DUH
ELRFRPSDWLEOH)RUDWUDQVGHUPDOGUXJGHOLYHU\VHWXSLWLVIXUWKHULPSRUWDQWWRFKRRVHIOH[LEOHDQG
PHFKDQLFDOO\VWDEOHPDWHULDOV WKDWDOORZDWLJKWFRQWDFWZLWKWKHVNLQZLWKRXWOLPLWLQJWKHDJLOLW\RI
WKH SHUVRQ DQG ZLWKRXW JHWWLQJ GDPDJHG XSRQPRYHPHQWV RI WKH SDWLHQW *RRG FDQGLGDWHV WKDW
 ,1752'8&7,21
IXOILOO DOO WKHVH UHTXLUHPHQWV DUH SRO\FDUERQDWH 3& DQG SRO\HVWHU 3(6 PHPEUDQHV DQG
SRO\GLPHWK\OVLOR[DQH3'06EDVHGDPSKLSKLOLFFRQHWZRUNV

)LJXUH&DIIHLQHFRQFHQWUDWLRQRYHUWLPHDIWHURUDODSSOLFDWLRQRQFHDGD\OHIWDQGZKLOHDGDSWLYHWUDQVGHUPDO
DSSOLFDWLRQULJKW
7ULJJHUHGDQG UHYHUVLEOH FKDQJHVRIPDWHULDOSURSHUWLHV FDQEHDFKLHYHGE\ LQWHJUDWLQJPROHFXODU
VZLWFKHV LQWRFRUUHVSRQGLQJPDWHULDOV0ROHFXODUVZLWFKHVDVZHOODVDGDSWLYHPDWHULDOVKDYHEHHQ
UHSRUWHGLQWHQVLYHO\7HPSHUDWXUHS+FKHPLFDOVWLPXOLDQGOLJKWDUHNQRZQWREHVXLWDEOH
WULJJHUV IRUDGDSWLYHPDWHULDOV&KHPLFDO VWLPXOLDQGS+FKDQJHVDUHQRW VXLWDEOH IRUDSSOLFDWLRQV
RQKXPDQVNLQGXHWRPLVVLQJELRFRPSDWLELOLW\7HPSHUDWXUHVKRZVDJRRGELRFRPSDWLELOLW\ZLWKLQD
FHUWDLQ UDQJH+RZHYHUDSSO\LQJDQG UHPRYLQJKHDW LV D VORZSURFHVV UHVXOWLQJ LQ VORZO\ UHDFWLQJ
PDWHULDOV7KHUHIRUHWKHIRFXVRIWKLVLQYHVWLJDWLRQZDVVHWRQOLJKWUHVSRQVLYHPDWHULDOV/LJKWFDQ
EH DSSOLHG UDSLGO\ UHPRWHO\ DQG UHYHUVLEO\ DW WKH RXWHU IDFH RI WKH ERG\$GGLWLRQDOO\ OLJKW LV D
FOHDQVWLPXOXVWKDWHDVLO\FDQEHIRFXVHGRQVPDOODQGGHILQHGDUHDVRIWKHERG\
7KHDLPRIWKHSURMHFWZDVWRLQWHJUDWHDOLJKWUHVSRQVLYHPROHFXOHLQWRDELRFRPSDWLEOHPHPEUDQH
LQ VXFKDPDQQHU WKDW WKH FDIIHLQHSHUPHDELOLW\ RI WKHPHPEUDQH FDQEH VZLWFKHG IURPRQH LQWR
DQRWKHUVWDWHWULJJHUHGE\OLJKW

 ',))86,21$1'3(50($%,/,7<5(6,67$1&(2)0(0%5$1(6
0DWHULDOIOX[)WKURXJKDPHPEUDQHFDQEHGHWHUPLQHGE\PHDVXULQJWKHDPRXQWRIPDWHULDOSHU
WLPH SHU DUHD WKDW SDVVHV WKURXJK WKHPHPEUDQH'ULYLQJ IRUFH IRU WKH QHWGLIIXVLRQ RIPDWHULDO
WKURXJKDPHPEUDQHLVDFRQFHQWUDWLRQGLIIHUHQFHIURPRQHVLGHWRWKHRWKHUVLGHRIWKHPHPEUDQH
'LYLGLQJ WKLV FRQFHQWUDWLRQ GLIIHUHQFH ĈF E\ WKHPHDVXUHG IOX[ ) UHVXOWV LQ WKH SHUPHDELOLW\
UHVLVWDQFH5RIWKHPHPEUDQHWRZDUGVWKHPHDVXUHGPDWHULDO
ܴ ൌ ௱௖ி 

7KLVIRUPXODLVGHULYHGIURP)LFN·VODZRIGLIIXVLRQ
 ܨ ൌ െ ఋ௖ஔ୶

ሺͳሻ
ሺʹሻ
 ,1752'8&7,21
ZHUH'UHSUHVHQWVWKHGLIIXVLRQFRHIILFLHQWFVWDQGVIRUWKHFRQFHQWUDWLRQDQG[LVUHSUHVHQWLQJWKH
SRVLWLRQZLWKLQWKHVDPSOH$VVXPLQJWKDWQRFRQFHQWUDWLRQJUDGLHQWVRFFXUZLWKLQWKHWLPHVSDQRI
WKHPHDVXUHPHQWDQGWKHFRQFHQWUDWLRQGLIIHUHQFHIURPRQHVLGHWRWKHRWKHUVLGHRIWKHPHPEUDQH
VWD\VFRQVWDQWWKHGLIIHUHQWLDOHTXDWLRQFDQEHWUDQVIRUPHGLQWRWKHOLQHDUHTXDWLRQ
 ܨ ൌ െ כ ȟ

&RPSDULQJDQGVKRZVWKDWWKHSHUPHDELOLW\UHVLVWDQFH5LVUHFLSURFDOO\SURSRUWLRQDOWR'
'LIIXVLRQ YDOXHV IRUPROHFXOHV IRXQG LQ OLWHUDWXUH DUH XVXDOO\PHDVXUHG IRU IUHH GLIIXVLRQ 6LQFH
GLIIXVLRQWKURXJKDSRURXVPHGLXPLVRILQWHUHVWLQWKHSUHVHQWFDVHLWLVQRWSRVVLEOHWRFDOFXODWH5
IURP OLWHUDWXUH YDOXHV RI ' %XW PHDVXULQJ 5 DOORZV FDOFXODWLQJ WKH FRHIILFLHQW RI WKH KLQGHUHG
GLIIXVLRQWKURXJKWKHPHDVXUHGPHPEUDQH
,I WKHPDWHULDO IOX[ WKURXJKDPHPEUDQHKDV WREHDOWHUHGDWDFRQVWDQWFRQFHQWUDWLRQGLIIHUHQFH
WKH UHVLVWDQFH RI WKH PHPEUDQH KDV WR EH FKDQJHG $V VKRZQ EHIRUH WKH UHVLVWDQFH RI WKH
PHPEUDQHGHSHQGVRQWKHDSSDUHQWGLIIXVLRQFRHIILFLHQW%\FKDQJLQJIRUH[DPSOHWKHHOHFWURVWDWLF
LQWHUDFWLRQV RI WKH PROHFXOH RU WKH VROYHQW ZLWK WKH PHPEUDQH PDWHULDO WKH DSSDUHQW GLIIXVLRQ
FRHIILFLHQWFDQEHDOWHUHG
,QFDVHRIGLIIXVLRQWKURXJKSRURXVPHPEUDQHVQRWWKHZKROHPDFURVFRSLFDUHDRIWKHPHPEUDQHLV
DFFHVVLEOHIRUGLIIXVLRQ2QO\RSHQSRUHVDUHUHOHYDQWIRUGLIIXVLRQ
7KHDUHDUHOHYDQWIRUGLIIXVLRQLQHTXDWLRQVDQGZDVDVVXPHGWREHWKHPDFURVFRSLFDUHDRI
WKHPHPEUDQH7KLVFRQVWDQWYDOXHZDVLQFOXGHGLQWKHIOX[)UHSUHVHQWLQJWKHDPRXQWRIPDWHULDO
QSHUDUHD$SHUWLPHWWKDWGLIIXVHVWKURXJKDPHPEUDQH
 ܨ ൌ ୬୅כ୲

&RPELQLQJHTXDWLRQZLWKHTXDWLRQUHVXOWVLQWKHIROORZLQJHTXDWLRQ
 ݊ݐ ൌ െܦ כ ܣ כ ߂ܿ

(TXDWLRQVKRZVWKDWLWLVDOVRSRVVLEOHWRLQIOXHQFHWKHIOX[WKURXJKDPHPEUDQHE\FKDQJLQJWKH
DFFHVVLEOHGLIIXVLRQDUHD
,QSUDFWLFDODSSURDFKHVLWLVRIWHQXQFOHDUZKHWKHUDFKDQJHLQPDWHULDOIOX[WKURXJKDPHPEUDQHLV
FDXVHGE\DFKDQJHGSRUHVL]HDQDOWHUHGGLIIXVLRQFRHIILFLHQWRUFKDQJHVRIERWKSDUDPHWHUVDWWKH
VDPH WLPH 7KHUHIRUH XVLQJ SHUPHDELOLW\ UHVLVWDQFH 5 IURP HTXDWLRQ  DV FKDUDFWHULVWLF IRU
PHPEUDQHV WXUQHG RXW WR EH SUDFWLFDEOH (TXDWLRQ  FDQ EH DSSOLHG IRU QRQSRURXV DV ZHOO DV
SRURXVV\VWHPV7KHUHIRUHZRUNLQJZLWKSHUPHDELOLW\UHVLVWDQFH5DOORZVFRPSDULQJDOOW\SHVRI
PHPEUDQHV 6ZLWFKLQJ SRWHQWLDO RI SKRWRFKURPLFPHPEUDQHV FDQ DOVR EH UHSRUWHG E\ FRPSDULQJ
SHUPHDELOLW\UHVLVWDQFHVRISKRWRFKURPLFPHPEUDQHVDWGD\OLJKWDQGXQGHU89LUUDGLDWLRQ

ሺ͵ሻ
ሺͶሻ
ሺͷሻ
 ,1752'8&7,21
 3+272&+520,&02/(&8/(6$1'0$7(5,$/6
3KRWRFKURPLVPLVGHILQHGDVDUHYHUVLEOHSKRWRWUDQVIRUPDWLRQRIDFKHPLFDOVSHFLHVEHWZHHQWZR
IRUPVKDYLQJGLIIHUHQWDEVRUSWLRQVSHFWUD1RWPDQ\OLJKWUHVSRQVLYHPROHFXOHVXQGHUJRUHYHUVLEOH
SKRWRFKHPLVWU\7KHUHIRUH SKRWRFKURPLF VWUXFWXUHV DUH RI JUHDW LQWHUHVW IRU WKH GHYHORSPHQW RI
OLJKWUHVSRQVLYHPDWHULDOV7RGD\ SKRWRFKURPLF FRPSRXQGV DUHXVHG IRU H[DPSOH LQ VXQJODVVHV
GDWDVWRUDJH V\VWHPV VHQVRUV DQG IRU UHVSRQVLYH VXUIDFHV 3KRWRFKURPLF VZLWFKHV ZHUH DOVR
LQFRUSRUDWHGLQWRSHSWLGHVWRLQIOXHQFHELRFKHPLFDOSURFHVVHVWULJJHUHGE\OLJKW,Q$XVWUDOLDWKH
LQFRUSRUDWLRQ RI SKRWRFKURPLF PROHFXOHV LQWR EDQNQRWHV IRU SURWHFWLRQ DJDLQVW IRUJHU\ ZDV
GLVFXVVHG7KHPRVWFRPPRQO\XVHGSKRWRFKURPLFPROHFXOHVDUHD]REHQ]HQHVGLWKLHQ\OHWKHQHV
VSLURS\UDQVDQGVSLURR[D]LQHV)LJXUH7KHVHSKRWRFKURPLFPROHFXOHVXQGHUJRDUHYHUVLEOH
VWUXFWXUDO UHDUUDQJHPHQW FDXVLQJ D VWURQJ FRORUDWLRQ RI WKHPROHFXOHV ZKHQ LUUDGLDWHGZLWK89
OLJKW
7KHDEVRUSWLRQVSHFWUDRI WKHVHSKRWRFKURPLFPROHFXOHV VWURQJO\GHSHQGRQ WKHVXEVWLWXHQWV WKDW
DUH FRQMXJDWHG ZLWK WKH HOHFWURQV\VWHP $X[RFKURPLF VXEVWLWXHQWV LQ WKH FDVH RI VSLURS\UDQ
XVXDOO\HOHFWURQGRQDWLQJJURXSVIRUH[DPSOHFDXVHDEDWKRFKURPLFVKLIWLQDEVRUSWLRQ
6LQFHDFKDQJHLQSRODULW\LVPXFKPRUHOLNHO\WRKDYHDQLPSDFWRQWKHSHUPHDELOLW\UHVLVWDQFHRID
PHPEUDQHWKDQRQO\DFKDQJHGOLJKWDEVRUSWLRQVSLURS\UDQ63DQGVSLURR[D]LQH62ZLWKWKHLU
KLJKO\SRODUPHURF\DQLQH0&VWDWHVDUHWKHPRVWSURPLVLQJFDQGLGDWHVIRUWKHGHYHORSPHQWRID
SKRWRFKURPLF PHPEUDQH ZLWK DGDSWDEOH FDIIHLQH SHUPHDELOLW\ $GGLWLRQDOO\ LW LV NQRZQ IURP
OLWHUDWXUH WKDW VSLURS\UDQ LQVROXWLRQDW FRQFHQWUDWLRQVEHORZ0GRHVQRWFDXVHFHOO WR[LFLW\
7KHUHIRUH FKDQFHV DUH KLJK WKDW VSLURS\UDQ ERXQG WR D VROLG SRO\PHU GRHV QRW LQGXFH DQ\ FHOO
WR[LFLW\
89LUUDGLDWLRQRIVSLURS\UDQRUVSLURR[D]LQHLQGXFHVDKHWHURO\WLFULQJRSHQLQJUHDFWLRQOHDGLQJWR
D SRODU DQG FRORUHG0&VWDWH ,OOXPLQDWLQJ WKH0&VWUXFWXUH ZLWK YLVLEOH OLJKW WULJJHUV WKH ULQJ
FORVLQJUHDFWLRQEDFNLQWRLWVLQLWLDO63VWDWH)LJXUH

)LJXUH0DLQSKRWRFKURPLFIDPLOLHV$WUDQVFLVLVRPHUL]DWLRQRID]REHQ]HQH%SHULF\FOLFULQJFORVLQJDQG
RSHQLQJUHDFWLRQRIGLWKLHQ\OHWKHQH&KHWHURO\WLFULQJRSHQLQJDQGFORVLQJUHDFWLRQRIVSLURS\UDQDQGVSLURR[D]LQH

 ,1752'8&7,21

)LJXUH6SLURS\UDQGLVVROYHGLQHWK\ODFHWDWHDWGD\OLJKWOHIWDQGDIWHU89LUUDGLDWLRQULJKW
7KHUHDUHWZRDSSURDFKHVWKDWDOORZEHQHILWLQJIURPWKHOLJKWLQGXFHGSRODULW\FKDQJHRIVSLURS\UDQ
DQGVSLURR[D]LQHLQRUGHUWRDFKLHYHDPHPEUDQHZLWKFKDQJHDEOHSHUPHDELOLW\2QHDSSURDFKLVWR
FKDQJHWKHVROXELOLW\RIDSRO\PHUWKDWLVJUDIWHGRQWRDSRURXVPHPEUDQH)RUWKHGUXJGHOLYHU\
VHWXSLWLVDVVXPHGWKDWDSRODUVROYHQWHJZDWHULVXVHG,IWKHVSLURS\UDQLQWKHSRO\PHULVLQLWV
63VWDWHWKHSRODULW\RIWKHSRO\PHULVORZ7KHUHIRUHWKHVROXELOLW\RIWKHSRO\PHULVORZDQGWKH
SRO\PHUVWUDQGVDUHFROODSVHG7KLVUHVXOWVLQDPHPEUDQHZLWKRSHQSRUHVDQGDKLJKFDIIHLQH
SHUPHDELOLW\)LJXUHD,IWKHVSLURS\UDQLQWKHJUDIWHGSRO\PHULVVZLWFKHGLQWRLWV0&VWDWH
WKHSRO\PHUEHFRPHVVROXEOHDQGVZHOOV7KHSRUHVDUHQRZEORFNHGUHVXOWLQJLQDPHPEUDQHZLWK
ORZFDIIHLQHSHUPHDELOLW\GXHWRRQO\DVPDOODUHDDFFHVVLEOHIRUGLIIXVLRQ)LJXUHE7KH
VHFRQGDSSURDFKEHQHILWVGLUHFWO\IURPWKHFKDQJHDEOHSRODULW\RIVSLURS\UDQ,IDVXUIDFHLVFRDWHG
ZLWKVSLURS\UDQLWVVXUIDFHWHQVLRQGHSHQGVRQWKHDFWXDOVWDWHRIWKHVSLURS\UDQ,IVSLURS\UDQLVLQ
LWVQRQSRODU63VWDWHWKHFRDWHGVXUIDFHLVUDWKHUK\GURSKRELFUHVXOWLQJLQDORZSHUPHDELOLW\IRU
DTXHRXVVROXWLRQV)LJXUHF,IVSLURS\UDQLVVZLWFKHGLQWRLWV0&VWDWHWKHVXUIDFHEHFRPHV
PRUHK\GURSKLOLFDQGWKHSHUPHDELOLW\UDWHRIDTXHRXVVROXWLRQLVH[SHFWHGWRLQFUHDVH)LJXUH
G

)LJXUH,QIOXHQFLQJWKHSHUPHDELOLW\RIDPHPEUDQHE\EHQHILWLQJIURPVSLURS\UDQ·VSRODULW\FKDQJHDE
FKDQJLQJWKHVROXELOLW\RIDSRO\PHUUHVXOWLQJLQDVWHULFKLQGUDQFHLQSRUHVFGFKDQJLQJWKHVXUIDFHWHQVLRQRID
PHPEUDQHUHVXOWLQJLQDQHOHFWURVWDWLFFRQWURORYHUWKHSHUPHDELOLW\UDWHRIDPHPEUDQH

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 32/<0(5,&&2$7,1*62132528632/<0(5,&0(0%5$1(6
6XUIDFH LV WKHSODFHZKHUH LQWHUDFWLRQRIDPDWHULDOZLWK LWV VXUURXQGLQJ WDNHVSODFH7R WXQH WKH
SURSHUW\RIDPDWHULDOLWLVHVVHQWLDOWRPRGLI\LWVVXUIDFHLQDSUHGLFWDEOHZD\
&RDWLQJVDUHZLGHO\XVHGWRFKDQJHWKHVXUIDFHSURSHUWLHVRIPDWHULDOVZLWKRXWFKDQJLQJWKHLUEXON
SURSHUWLHV 2QH SRVVLELOLW\ WR FRDW D SRURXV SRO\PHULF PHPEUDQH LV WR GHSRVLW VXUIDFHDFWLYH
PDWHULDOV  'LSFRDWLQJ VSLQFRDWLQJ DQG /DQJPXLU%ORGJHWW SURFHVVHV DUH FRPPRQO\ XVHG WR
DSSO\VXFKFRDWLQJV 6SLQFRDWLQJLVDSRZHUIXODSSURDFKWRFRDWIODWVXUIDFHV,ILWLVDSSOLHGWR
SRURXV VXEVWUDWHV WKH SRURXV PDWHULDO PLJKW JHW HQWLUHO\ FRYHUHG ZKDW FRXOG UHVXOW LQ EORFNHG
SRUHV ,QVRPHFDVHVWKHSK\VLVRUEHGPDWHULDOVODFNORQJWHUPVWDELOLW\HVSHFLDOO\ZKHQH[SRVHG
WRPHFKDQLFDOIRUFHVDVIRUH[DPSOHIULFWLRQ
$FRDWLQJ FDQ DOVR EH FRYDOHQWO\ OLQNHG WR D VXUIDFH LQ RUGHU WR LPSURYH LWVPHFKDQLFDO VWDELOLW\
3RO\PHUVDUHRIWHQXVHGWRFUHDWHVXFKFKHPLVRUEHGFRDWLQJV&RYDOHQWOLQNDJHRISRO\PHUVFDQEH
DFKLHYHGE\JUDIWLQJ SUHIRUPHGSRO\PHUV WR D VXUIDFH E\JUDIWLQJ D JURZLQJSRO\PHU WKURXJK D
VXLWDEOHVXUIDFHRUE\JURZLQJSRO\PHUVIURPDQDFWLYDWHGVXUIDFHJUDIWLQJIURP)LJXUH

*UDIWLQJWRDSSURDFKHVVRPHWLPHVVKRZOLPLWDWLRQVUHJDUGLQJFRYHUDJHKRPRJHQHLW\RIWKHVXUIDFHV
GXH WR VWHULF UHSXOVLRQ RI WKH SUHIRUPHG SRO\PHUV 7RGD\ JUDIWLQJ IURP LV RQH RI WKH PRVW
SURPLVLQJDSSURDFKHVIRUVXUIDFHPRGLILFDWLRQV7KHUHDUHVHYHUDOZD\VWRDFKLHYHVXUIDFHDFWLYDWLRQ
WR LQGXFH SRO\PHUL]DWLRQ LQFOXGLQJ SODVPD GLVFKDUJH PHWKRGV 89LUUDGLDWLRQ  R]RQH
WUHDWPHQWȖUD\LUUDGLDWLRQDQGFKHPLFDODFWLYDWLRQ5DQGRPIUHHUDGLFDOSRO\PHUL]DWLRQGLUHFWO\
DIWHU VXUIDFH DFWLYDWLRQ LV WKH VLPSOHVW DSSURDFK WR DFKLHYH D JUDIWHG SRO\PHULF FRDWLQJ $IWHU
DFWLYDWLRQWKHVDPSOHKDVRQO\WREHWUHDWHGZLWKDPRQRPHUVROXWLRQ'UDZEDFNRIWKLVDSSURDFKLV
WKH ODFN RI FRQWURO RYHU WKH SRO\PHUL]DWLRQ SURFHVV 7KH VL]H RI WKH JUDIWHG SRO\PHUV FDQQRW EH
SUHGLFWHGDQGDODUJHSRO\GLVSHUVLW\LQGH[3',LVXVXDOO\REWDLQHGIRUVXFKSURFHVVHV
/LYLQJSRO\PHUL]DWLRQPHWKRGVRIIHUPRUHFRQWURORYHUWKHSRO\PHUL]DWLRQSURFHVV7KHVL]HRIWKH
JUDIWHGSRO\PHUVFDQEHDGMXVWHGE\FKDQJLQJWKHUHDFWLRQWLPH/LYLQJSRO\PHUL]DWLRQSURFHVVHV
FRPPRQO\ XVHG IRU JUDIWLQJ SURFHVVHV RI PHWKDFU\ODWHV RQ VXUIDFHV DUH DWRP WUDQVIHU UDGLFDO
SRO\PHUL]DWLRQ $753 DQG UHYHUVLEOH DGGLWLRQïIUDJPHQWDWLRQ FKDLQWUDQVIHU SRO\PHUL]DWLRQ
5$)7 )LJXUH 'UDZEDFN RI WKH5$)7PHFKDQLVP LV WKH IDFW WKDW SRO\PHUV GR QRW RQO\
JURZRQWKHVXUIDFHEXWDOVRLQVROXWLRQ7KHUHIRUHWKHYLVFRVLW\RIWKHPRQRPHUVROXWLRQFKDQJHV
RYHU WLPH LQIOXHQFLQJ WKHSRO\PHUL]DWLRQSURFHVV$GGLWLRQDOO\ LW FDQEHGLIILFXOW WR UHPRYHQRQ
FRYDOHQWO\ERXQGSRO\PHUV

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)LJXUH0HWKRGVWRJUDIWSRO\PHUVRQDVXUIDFHDJUDIWLQJWREJUDIWLQJWKURXJKFJUDIWLQJIURP

)LJXUH/LYLQJSRO\PHUL]DWLRQPHFKDQLVPDDWRPWUDQVIHUUDGLFDOSRO\PHUL]DWLRQ$753EUHYHUVLEOHDGGLWLRQ
IUDJPHQWDWLRQFKDLQWUDQVIHUSRO\PHUL]DWLRQ5$)7
*UDIWHGSRO\PHUFRDWLQJVKDYHEHHQVKRZQWRFUHDWHJDWLQJPHPEUDQHV0RVWSURPLQHQWO\UHSRUWHG
LVWKHFKDQJHLQVWHULFKLQGUDQFHRIWKHUPRUHVSRQVLYHFRDWLQJV$WORZWHPSHUDWXUHWKHSRO\PHUV
DUHVZROOHQDQGWKHSRUHVDUHFORVHG:KHQWKHWHPSHUDWXUHLVLQFUHDVHGSRO\PHUVFROODSVHDQGWKH
SRUHVDUHRSHQHGVLPLODUWR)LJXUHDE
$FKLHYLQJDVWHULFKLQGUDQFHFDQEHGHPDQGLQJLIWKHUDWLRRISRUHGLDPHWHUWRPROHFXODUUDGLXVLV
ODUJH ,Q VXFKD FDVH WKHSRUHV KDYH WREH FRYHUHGHQWLUHO\ IRU WKH VZROOHQ VWDWHRI WKHSRO\PHU
7KXVD WKLFNFRDWLQJLVQHHGHGIRUWKHVXFFHVVIXOJDWLQJRIDPHPEUDQHE\VWHULFLQWHUDFWLRQ7KH
OD\HUVKRXOGQRWEHWRRODUJHHLWKHUVLQFHRWKHUZLVHQRSHUPHDELOLW\FKDQJHZRXOGEHREVHUYHG7R
WXQHWKHWKLFNQHVVRIJUDIWHGOD\HUVLVJHQHUDOO\YHU\GHPDQGLQJ
$QDOWHUQDWLYHDSSURDFKZKLFKKDVEHHQUHSRUWHG LQ OLWHUDWXUH LV WRFKDQJHWKHK\GURSKLOLFLW\RID
PHPEUDQHE\DQH[WHUQDOWULJJHU7RLQIOXHQFHWKHVXUIDFHWHQVLRQRIDPHPEUDQHDOUHDG\DYHU\
WKLQFRDWLQJLVVXIILFLHQW&KDQJLQJWKHK\GURSKLOLFLW\RIDPHPEUDQHLQIOXHQFHVWKHZHWWLQJEHKDYLRU
RI WKHSRUHV ,I WKHSRUHVXUIDFH LVK\GURSKLOLF DTXHRXV VROXWLRQVSDVV WKURXJKHDVLO\ ,I WKHSRUH
VXUIDFHLVFKDQJHGWRDK\GURSKRELFVWDWHOHVVDTXHRXVVROXWLRQLVDEOHWRSDVVWKURXJKVLPLODUWR
)LJXUHFG
8SWRQRZRQO\YHU\OLWWOHUHSRUWVRQVSLURS\UDQFRQWDLQLQJFRDWLQJVUHJXODWLQJWKHSHUPHDELOLW\RI
SRURXVPHPEUDQHVFDQEHIRXQGLQOLWHUDWXUH1RUHSRUWVDERXWVSLURR[D]LQHFRQWDLQLQJFRDWLQJV
UHJXODWLQJ WKH SHUPHDELOLW\ RI D SRURXV PHPEUDQH KDYH EHHQ UHSRUWHG LQ OLWHUDWXUH 7KH
DSSOLFDELOLW\RIVSLURS\UDQEDVHGSKRWRFKURPLFFRDWLQJVZDVRQO\VKRZQIRUVROYHQWPL[WXUHVRU
ZDWHU LQ ILOWUDWLRQ DSSOLFDWLRQV&KDQJHG VWHULFKLQGUDQFHGXH WR FKDQJHGSRO\PHU VROXELOLW\ DV
ZHOO DV FKDQJHGZHWWLQJ EHKDYLRU RI VSLURS\UDQ EDVHG SKRWRFKURPLFPHPEUDQHVZHUH UHSRUWHG
$GGLWLRQDOO\ WKH JHQHUDO ZHWWDELOLW\ DQG DQWLIRXOLQJ SURSHUWLHV RI VSLURS\UDQFRDWHG SRURXV
PHPEUDQHVZHUH LQYHVWLJDWHG1R UHSRUW RQGUXJ GHOLYHU\ DSSOLFDWLRQVRURQ JHQHUDO GLIIXVLRQRI
DTXHRXVVROXWHVWKURXJKVXFKPHPEUDQHVKDVEHHQIRXQGLQOLWHUDWXUH
6LQFH FKDQJLQJ VWHULF KLQGUDQFH DV ZHOO DV FKDQJLQJ WKH VXUIDFH WHQVLRQ LV SRVVLEOH E\ XVLQJ
VSLURS\UDQ FRDWLQJV LW LV DVVXPHG WKDW WKH WKLFNQHVV RI WKH FRDWLQJ KDV D PDMRU LPSDFW RQ WKH
SUHGRPLQDQW PHFKDQLVP ,I WKH FRDWLQJ LV PXFK WKLQQHU WKDQ WKH SRUH UDGLXV FKDQJHV LQ
K\GURSKLOLFLW\DUHH[SHFWHGWREHPRVWLPSRUWDQW,IWKHFRDWLQJLVWKLFNHQRXJKWRFORVHWKHSRUHVLQ
LWVVZROOHQVWDWHVWHULF LQWHUDFWLRQVDUH OLNHO\WREHFRPHSUHGRPLQDQW7KHUHIRUHFRQWURORYHUWKH
 ,1752'8&7,21
SRO\PHUL]DWLRQSURFHVV DQGRYHU WKH FRDWLQJ WKLFNQHVV FRXOGEH HVVHQWLDO IRU WKH FRQWURO RYHU WKH
SHUPHDELOLW\RIFRDWHGPHPEUDQHV
 1213252863+272&+520,&0(0%5$1(6
$TXHRXVVROXWLRQVDUHQRWRQO\DEOHWRSDVVWKURXJKSRURXVPHPEUDQHVEXWDOVRWKURXJKQRQSRURXV
PDWHULDOV LI WKHVH PDWHULDOV DUH K\GURSKLOLF DQG FDSDEOH RI VZHOOLQJ +\GURJHOV DQG DPSKLSKLOLF
FRQHWZRUNV IRU H[DPSOH DUHZHOO NQRZQPDWHULDOV ZLWK VXFK SURSHUWLHV 1RQSRURXVPDWHULDOV
XVXDOO\KDYHPXFKKLJKHUSHUPHDELOLW\UHVLVWDQFHVFRPSDUHGWRSRURXVPDWHULDOVVLQFHWKHDTXHRXV
VROXWLRQKDVWRSDVVWKURXJKWKHSRO\PHULFPDWUL[7KHDGYDQWDJHRIVRPHQRQSRURXVPDWHULDOLVWKH
IDFWWKDWWKH\FDQEHSURGXFHGHDVLO\2QO\DEXONPDWHULDOKDVWREHFUHDWHGDQGQRSRUHFUDWLQJ
PHFKDQLVP LV QHHGHG +RPHPDGH SUHSDUDWLRQ RI D PHPEUDQH JHQHUDWHV DGGLWLRQDO GHJUHHV RI
IUHHGRP,IDQRQSRURXVPHPEUDQHLVIRUPHGFKDQJLQJWKHWKLFNQHVVIRUH[DPSOHDOORZVVHWWLQJWKH
EDVLFSHUPHDELOLW\UHVLVWDQFHRIWKHPHPEUDQH
3KRWRFKURPLF K\GURJHOV DUH NQRZQ LQ OLWHUDWXUH IRU GLIIHUHQW DSSURDFKHV  1R UHSRUW RI
SKRWRFKURPLFDPSKLSKLOLFFRQHWZRUNVIRUFRQWUROOHGGUXJGHOLYHU\ZDVIRXQGLQOLWHUDWXUH
,I D QRQSRURXV VSLURS\UDQFRQWDLQLQJ PDWHULDO ZLWK D PRGHUDWH K\GURSKLOLFLW\ LV SURGXFHG LW LV
SRVVLEOHWRVZLWFKWKDWPDWHULDOLQWRDKLJKO\K\GURSKLOLFVWDWHE\VZLWFKLQJVSLURS\UDQLQWRLWV0&
VWDWH 7KH PDWHULDO LV H[SHFWHG WR VZHOO PRUH DQG WKH SRO\PHULF PDWUL[ JHWV OHVV WLJKW 7KH
LQFUHDVHG K\GURSKLOLFLW\ WRJHWKHU ZLWK WKH ORZHUHG PDWUL[ GHQVLW\ LV H[SHFWHG WR UHVXOW LQ DQ
LQFUHDVHG SHUPHDELOLW\ RI DTXHRXV VROXWLRQ WKXV DOORZLQJ OLJKWLQGXFHG FRQWURO RYHU WKH
SHUPHDELOLW\RIDQRQSRURXVPDWHULDO
,QWKHFDVHRIDPSKLSKLOLFFRQHWZRUNVLWLVDOVRSRVVLEOHWKDWVZLWFKLQJVSLURS\UDQIURPRQHLQWRLWV
RWKHUVWDWHKDVDQLPSDFWRQWKHGLVWULEXWLRQRIWKHK\GURSKLOLFDQGWKHK\GURSKRELFGRPDLQV

 75$16'(50$/'58*'(/,9(5<6<67(06
7KHXOWLPDWH REMHFWLYHRI GUXJ WKHUDS\ LV DQRQLQYDVLYHGHYLFHZKLFKPHDVXUHV WKHSDWLHQW·V GUXJ
UHTXLUHPHQW DQG WKHQ GHOLYHUV WKH ULJKW GRVH RI WKH DFWLYH DJHQW DW WKH ULJKW UDWH 3DVVLYH
WUDQVGHUPDO GHOLYHU\ PHHWV WKH QRQLQYDVLYH FULWHULRQ DQG LV DEOH WR SURYLGH GUXJ LQSXW RYHU
H[WHQGHGSHULRGVRIWLPHDWFRQWUROOHGUDWHV%XWPRVWSDWFKHVSURYLGHRQO\]HURRUGHUGHOLYHU\DQG
FDQQRWRIIHUDPRQLWRULQJFDSDELOLW\
'UXJGHOLYHU\WKURXJKVNLQVHHPVWREHUHDVRQDEOHGXHWRWKHELJDUHDRIVNLQDQGWKHHDV\DFFHVVWR
LW %XW LW VKRXOG DOVR EH FRQVLGHUHG WKDW WKH PDLQ IXQFWLRQ RI VNLQ LV WR SURWHFW WKH ERG\ IURP
H[WHUQDOLQVXOWV7KHVWUDWXPFRUQHXPLVWKHRXWHUPRVWOD\HURIWKHVNLQ7KLVSDUWRIWKHHSLGHUPLV
FRQVLVWVRIGHDGIODWWHQHGNHUDWLQRF\WHVDQGLVEHWZHHQDQGVHYHUDOPWKLFNGHSHQGLQJRQ
WKHSDUWRIWKHERG\DQGWKHDJHRIWKHSHUVRQ7KHVWUDWXPFRUQHXPEXLOGVWKHPDLQEDUULHUIRU
H[WHUQDOLQVXOWVRUDSSOLHGGUXJV
3DWFKHVIRUWUDQVGHUPDOGUXJGHOLYHU\ILUVWJHQHUDWLRQXVXDOO\FRQVLVWRIIRXUOD\HUV)LJXUHDQ
LPSHUPHDEOHEDFNLQJPHPEUDQH  DGUXJ UHVHUYRLU  D VHPLSHUPHDEOHPHPEUDQH WKDWPD\
VHUYHDVDUDWHOLPLWLQJEDUULHUDQGDQDGKHVLYHOD\HU
 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SHUPHDEOHPHPEUDQH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,WLVDOVRSRVVLEOHWRLQFRUSRUDWHWKHGUXJVLQWRDSRO\PHUPDWUL[$GMXVWLQJWKHGHOLYHU\UDWHRIWKH
SRO\PHULF PDWUL[ DOORZV DYRLGLQJ WKH VHPLSHUPHDEOH PHPEUDQH ,QFOXGLQJ WKH GUXJV LQWR DQ
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7UDQGVHUP6&23ZDVDSSURYHGE\WKHIRRGDQGGUXJ
DGPLQLVWUDWLRQ)'$LQ6LQFHWKHQDORWRIGHYHORSPHQWKDVWDNHQSODFH
)LUVWJHQHUDWLRQWUDQVGHUPDOGHOLYHU\V\VWHPVDUHZLGHO\XVHGLQFOLQLFDODSSOLFDWLRQVQRZDGD\VZLWK
DVWHDG\LQFUHDVH7KHVHVHWXSVDUHTXLWHVLPSOHEXWDOVROLPLWHGWRVPDOOOLSRSKLOLFORZGRVHGUXJV
6HFRQG JHQHUDWLRQ GHOLYHU\ V\VWHPV XVLQJ FKHPLFDO HQKDQFHUV XOWUDVRXQG RU LRQWRSKRUHVLV WR
ORZHU WKH VNLQ UHVLVWDQFH WRZDUGV WKHGUXJ UHVXOWHGDOVR LQ VRPHFOLQLFDOSURGXFW VXLWDEOH IRU OHVV
K\GURSKRELFGUXJV7KLUGJHQHUDWLRQ VHWXSV WDUJHW WKHLUHIIHFWV WR VWUDWXPFRUQHXP E\XVLQJ IRU
H[DPSOHPLFURQHHGOHVRUWKHUPDODEODWLRQ7KLVDSSURDFKZRXOGDOORZGHOLYHULQJPDFURPROHFXOHV
DQGYDFFLQHVWKURXJKVNLQ
3UHWHUPQHRQDWHVKRZHYHUGRQRWKDYHDQ\VWUDWXPFRUQHXPGLUHFWO\DIWHUELUWK7KHUHIRUHWKHLU
VNLQ LV KLJKO\ SHUPHDEOH ZKDW HDVHV WKH WUDQVGHUPDO GUXJ GHOLYHU\ 1R FKHPLFDO HQKDQFHUV RU
PLFURQHHGOHVDUHQHHGHGDQGDILUVWJHQHUDWLRQGUXJGHOLYHU\VHWXSLVVXLWDEOHZLWKLQWKHOLPLWDWLRQV
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PHPEUDQHZLWK D VZLWFKDEOH FDIIHLQHSHUPHDELOLW\ UHVLVWDQFH DV D FHQWHUSLHFHRI DQ DGDSWLYH ILUVW
JHQHUDWLRQGUXJGHOLYHU\VHWXS
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6SLURS\UDQV63DQGVSLURR[D]LQHV62DUHZHOONQRZQSKRWRFKURPLFPROHFXODUVZLWFKHV6LQFH
 ZKHQ SKRWRFKURPLVP RI VSLURS\UDQ ILUVW ZDV UHSRUWHG E\+LUVKEHUJ DQG )LVFKHU D ORW RI
LQYHVWLJDWLRQVKDYHEHHQPDGHLQWKHILHOGRISKRWRFKURPLFVSLURFRPSRXQGV&KHPLFDODVZHOODV
SK\VLFDO SURSHUWLHV RI VSLURS\UDQV DQG VSLURR[D]LQHV KDYH EHHQ VWXGLHG FDUHIXOO\  $ UHYHUVLEOH
SKRWRLQGXFHG HOHFWURF\FOLF ULQJRSHQLQJ UHDFWLRQ WDNHV SODFH ZKHQHYHU D VSLURS\UDQ RU D
VSLURR[D]LQH LV H[SRVHG WR 89OLJKW ZLWK DSSURSULDWH ZDYHOHQJWK 7KH KHWHURO\WLF ULQJRSHQLQJ
UHDFWLRQWUDQVIRUPVXQFRORUHGQRQSRODUVSLURS\UDQRUVSLURR[D]LQHLQWRWKHFRUUHVSRQGLQJFRORUHG
DQG SRODU PHURF\DQLQHVWDWH 0& ,OOXPLQDWLQJ PHURF\DQLQH ZLWK YLVLEOH OLJKW HJ  QP
FRQYHUWVLWEDFNLQWRLWVLQLWLDO63VWDWH$OWHUQDWLYHO\WUDQVIRUPDWLRQIURPWKHHQHUJHWLFDOO\KLJKHU
0&VWDWHLQWRLWVHQHUJHWLFDOO\PRUHVWDEOH63VWDWHFDQDOVREHWKHUPDOO\LQGXFHG)LJXUH

)LJXUH6SLURS\UDQLQLWV63FORVHGQRQSRODUDQGLWV0&RSHQSRODUVWDWH
,Q VRPH UDUH FDVHV WKH 0&VWDWH LV HQHUJHWLFDOO\ PRUH VWDEOH WKDQ WKH FRUUHVSRQGLQJ 63VWDWH
7KHUHIRUH VXFKPROHFXOHVDUH FRORUHGDWDPELHQWFRQGLWLRQVDQGFDQEHGHFRORUHGE\ LUUDGLDWLRQ
ZLWK YLVLEOH OLJKW 7KLV SKHQRPHQRQ LV FDOOHG LQYHUVH SKRWRFKURPLVP +HDWLQJ WKHVH VDPSOHV
ZRXOGDFFRUGLQJO\LQGXFHULQJRSHQLQJLQVWHDGRIULQJFORVLQJUHDFWLRQ
8VXDOO\ VSLURS\UDQV DQG VSLURR[D]LQHV FRQVLVW RI DQ LQGROLQH DQG D EHQ]RS\UDQ UHVSHFWLYHO\ DQ
R[D]LQHSDUW7KH\DUH OLQNHGE\D VSLURFDUERQ LQ WKH63VWDWH7KLVDOLJQV WKHPROHFXOH LQWR WZR
RUWKRJRQDOSODQHV$IWHUWUDQVIRUPDWLRQ LQWR WKH0&VWDWH WKHPROHFXOHUHDUUDQJHV LQWRDSODQDU
FRQILJXUDWLRQOHDGLQJWRDQH[WHQGHGFRQMXJDWHGHOHFWURQV\VWHP7KLVUHDUUDQJHPHQWFKDQJHVWKH
DEVRUSWLRQRIWKHPROHFXOHZKLFKH[SODLQVWKHDSSHDULQJFRORU)LJXUH

&ŝŐƵƌĞϮ͘Ϯ>ĞĨƚ͗^ƉŝƌŽƉǇƌĂŶŝŶƚKĐĂƚĚĂǇůŝŐŚƚ;ǇĞůůŽǁͿĂŶĚĂĨƚĞƌhsͲŝƌƌĂĚŝĂƚŝŽŶ;ďůƵĞͿ͖ƌŝŐŚƚ͗ĐŽƌƌĞƐƉŽŶĚŝŶŐhsͲsŝƐƐƉĞĐƚƌĂ͘
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0HURF\DQLQHKDV WZR UHVRQDQFH VWUXFWXUHV )LJXUH 7KH ]ZLWWHULRQLF VWUXFWXUH LV KLJKO\SRODU
GXH WR LWV ORFDOL]HG FKDUJHV 7KH FRUUHVSRQGLQJ TXLQRLG VWUXFWXUH LV QRQLRQLF DQG WKHUHIRUH OHVV
SRODU  7KH SRODULW\ RI WKH VXUURXQGLQJ DQG WKH VXEVWLWXHQWV ZLWKLQ WKH FRQMXJDWHG HOHFWURQ
V\VWHP LQIOXHQFH WKH FKDUDFWHU RI WKH PHURF\DQLQH ,Q SRODU VXUURXQGLQJV WKH FKDUJHV DUH ZHOO
VWDELOL]HG DQG ]ZLWWHULRQLF FKDUDFWHU FDQ EH REVHUYHG IRU WKH PHURF\DQLQH VWUXFWXUH (OHFWURQ
ZLWKGUDZLQJJURXSVLQRUWKRRUSDUDSRVLWLRQWRWKHR[\JHQDQLRQDQGHOHFWURQGRQDWLQJJURXSVLQ
RUWKR RU SDUDSRVLWLRQ WR WKH QLWURJHQ FDWLRQ DOVR LQFUHDVH WKH ]ZLWWHULRQLF FKDUDFWHU RI WKH
PHURF\DQLQH

)LJXUH=ZLWWHULRQLFOHIWDQGTXLQRLGULJKWUHVRQDQFHVWUXFWXUHRIPHURF\DQLQH
$WURRPWHPSHUDWXUHLQWKHGDUNPHURF\DQLQHVORZO\XQGHUJRHVDULQJFORVLQJUHDFWLRQ7KHFRORU
GLVDSSHDUV DQG WKH LQLWLDO VSLURS\UDQ FDQ EH UHFRYHUHG 7KLV WKHUPDO GHFRORUDWLRQ UDWH GHSHQGV
DJDLQ RQ WKH SRODULW\ RI WKH VXUURXQGLQJ WKH VXEVWLWXHQWV LQ WKH HOHFWURQV\VWHP DQG WKH
WHPSHUDWXUH 7R ORZHU WKH GHFRORUDWLRQUDWH WKH SRODU 0&VWDWH KDV WR EH VWDELOL]HG (OHFWURQ
ZLWKGUDZLQJJURXSVLQRUWKRRUSDUDSRVLWLRQWRWKHR[\JHQDQLRQDQGHOHFWURQGRQDWLQJJURXSVLQ
RUWKR RU SDUDSRVLWLRQ WR WKH QLWURJHQ FDWLRQ FDQ VLJQLILFDQWO\ VWDELOL]H WKH ]ZLWWHULRQLF
PHURF\DQLQH/RZHULQJWKHWHPSHUDWXUHDQGLQFUHDVLQJWKHSRODULW\RIWKHVXUURXQGLQJPHGLXP
DUH DOVR NQRZQ WR VWDELOL]H WKH FRORUHG PHURF\DQLQHVWDWH  $GGLWLRQ RI DQ DSSURSULDWH PHWDO
IRUPLQJDFKHODWHZLWKWKHPHURF\DQLQHVWDWHHOLPLQDWHVWKHWKHUPDOGHFRORUDWLRQDOPRVWHQWLUHO\
,IWKHPROHFXODUVZLWFKLVLQFRUSRUDWHGLQWRDSRO\PHULFPDWUL[LWVSKRWRFKURPLFEHKDYLRUVWURQJO\
GHSHQGVRQWKHIUHHYROXPHLQWKHPDWUL[DQGWKHSRODULW\RIWKHSRO\PHU,QDVRIWPDWUL[ZLWKDELJ
IUHHYROXPHVZLWFKLQJLVHDVLHUWKDQLQDULJLGPDWUL[ZLWKDORZIUHHYROXPH
6SLURS\UDQVDUHVORZO\GHFRPSRVHGZKHQH[SRVHG WR OLJKW(VSHFLDOO\ WKH89OLJKWXVHGWRVZLWFK
WKHPROHFXOHIURPLWV63LQWRLWV0&VWDWHKDVDELJLPSDFWRQWKHGHFRPSRVLWLRQRIWKHPROHFXODU
VZLWFK'HFUHDVLQJFRORUDWLRQRIDPDWHULDOGXHWRGHFRPSRVLWLRQRIWKHG\HLVFDOOHGIDGLQJ8SWR
QRZ LW KDV QRW EHHQ XOWLPDWHO\ FODULILHGZKDWPHFKDQLVPV DUH LQYROYHG LQ WKH GHFRPSRVLWLRQ RI
SKRWRFKURPLF VSLURFRPSRXQGV 7KH IRUPDWLRQ RI KLJKO\ UHDFWLYH VLQJOHW R[\JHQ GXULQJ WKH
LOOXPLQDWLRQRI WKHPROHFXODU VZLWFKHVZDVGLVFXVVHG DVZHOO DV WKH IRUPDWLRQRI UDGLFDOV GXH WR
KRPRO\WLF ULQJRSHQLQJ UHDFWLRQV:KDW LV NQRZQ IURP OLWHUDWXUH LV WKH IDFW WKDW LQWHJUDWLRQ RI
VSLURS\UDQLQWRSRO\PHULFPDWULFHV ORZHUVWKHIDGLQJUDWH 6SLURR[D]LQHVDUHDOVRNQRZQWRKDYH
ORZHU IDGLQJ UDWHV WKDQ VSLURS\UDQV    6SLURS\UDQV RIWHQ VWLOO KDYH KLJK IDGLQJ UDWHV DIWHU
LPSOHPHQWDWLRQLQWRSRO\PHULFPDWULFHV7KHUHIRUHLWLVUHDVRQDEOHWRXVHVSLURR[D]LQHVWRLPSURYH
WKHGXUDELOLW\RIGHYHORSHGV\VWHPV1HYHUWKHOHVVIRUWKHSURGXFWLRQRISURWRW\SHVVSLURS\UDQVDUH
RIWHQXVHGGXHWRWKHZHOONQRZQVWUDLJKWIRUZDUGV\QWKHVHVDQGSXULILFDWLRQVRIWKHVHVWUXFWXUHV
$OWKRXJKDORWRIGDWDKDVEHHQFROOHFWHGIRUDYDULHW\RISKRWRFKURPLFVSLURFRPSRXQGVQR
XQLYHUVDOO\YDOLGFRQFHSWWRSUHGLFWWKHLPSDFWRIVXEVWLWXHQWVDQGWKHVXUURXQGLQJVRQWKH
GHFRORUDWLRQDQGWKHIDGLQJUDWHRIWKHPROHFXODUVZLWFKHVKDVEHHQIRXQG6LPSOHPRGHOVHJ
 6<17+(6,62)63,52&203281'6
HOHFWURQGRQRUDFFHSWRURQO\DOORZOLPLWHGSUHGLFWLRQVRIWKHPROHFXODUVZLWFKHV·EHKDYLRUVLQFH
WKHUHDUHDOZD\VH[FHSWLRQVWRWKHVHPRGHOV
1RZDGD\V VSLURS\UDQV DUH RIWHQ VLPSO\ FRPSRXQGHG LQWR SRO\PHULF PDWULFHV WR FUHDWH
SKRWRFKURPLFPDWHULDOV'UDZEDFNRI WKDWDSSURDFKLV WKH OHDNLQJRI VSLURS\UDQ LQVXFKV\VWHPV
(VSHFLDOO\ IRU VZHOOLQJ SRO\PHUV HJ K\GURJHOV DQG LQ FORVH FRQWDFW ZLWK JRRG VROYHQWV IRU
VSLURS\UDQVWKLVDSSURDFKLVQRWVXLWDEOH
7RRSWLPDOO\EHQHILWQRWRQO\IURPWKHFRORUFKDQJHEXWDOVRIURPWKHSRODULW\FKDQJHRIVSLURS\UDQ
HJVZLWFKDEOHVROXELOLW\RIDSRO\PHULWLVDGYDQWDJHRXVWRFRYDOHQWO\OLQNWKHPROHFXODUVZLWFKWR
LWV PDWUL[ &RYDOHQW OLQNDJH DOVR VROYHV WKH OHDNLQJSUREOHP 7KHUHIRUH D OLQNHU KDV WR EH
LQWURGXFHG WR WKH VSLURS\UDQ VWUXFWXUH GXULQJ WKH V\QWKHVLV 7ZR VWUDWHJLHV ZHUH IROORZHG WR
LQFRUSRUDWHVSLURS\UDQLQWRWKHPDWUL[,QWKHILUVWVWUDWHJ\WKHVWUXFWXUHVRIWKHOLQNHUZHUHFKRVHQ
VXFK WKDW VSLURS\UDQ ZHUH OLQNHG WR D IXQFWLRQDO VLGH FKDLQ RI D SRO\PHU YLD HVWHULILFDWLRQ DIWHU
SRO\PHUL]DWLRQ ,Q WKH VHFRQG VWUDWHJ\ D WUDQVIRUPDWLRQ RI WKH OLQNHU LQWR D PHWKDFU\ODWH RU DQ
DFU\ODWH ZDV SHUIRUPHG ZKLFK DOORZHG WKH GLUHFW FRSRO\PHUL]DWLRQ RI VSLURS\UDQ ZLWK RWKHU
PRQRPHUV
7R JDLQ LQIRUPDWLRQ QRW RQO\ DERXW WKH HOHFWURVWDWLF EXW DOVR WKH VWHULF LPSDFW RI SKRWRFKURPLF
VSLURFRPSRXQGV RQ SRO\PHULF PDWULFHV D VSLURR[D]LQH ZLWK WZR OLQNHUV ZDV V\QWKHVL]HG
,QFRUSRUDWLRQ RI WKDWPROHFXOH DV FURVVOLQNHU LQWR D SRO\PHULF PDWUL[ LV H[SHFWHG WR UHVXOW LQ D
PHFKDQRFKURPLFPDWHULDO
&RQWHPSRUDU\SXEOLFDWLRQV XVXDOO\ UHSRUW RQ WKH LQFRUSRUDWLRQRIRQO\RQH W\SHRI VSLURS\UDQRU
VSLURR[D]LQH LQWRDPDWHULDO1RFRPSDULVRQRIGLIIHUHQW VSLURFRPSRXQGVKDVEHHQUHSRUWHGDQG
EDUHO\ DQ\ GDWD FRQFHUQLQJ IDGLQJ UDWHV KDYH EHHQ VKRZQ &RPSDULQJ WKH EHKDYLRU RI GLIIHUHQW
VSLURS\UDQVUHSRUWHGLQGLIIHUHQWVWXGLHVLVSUREOHPDWLFGXHWRGLIIHUHQFHVLQWKHSURGXFWLRQRUWKH
DQDO\VLVVHWXSHJLUUDGLDWLRQLQWHQVLW\IRUGHWHUPLQDWLRQRIIDGLQJUDWHV7KHLQKRXVHV\QWKHVLVRI
VHYHUDO VSLURS\UDQV DQG VSLURR[D]LQHV DOORZHG SURGXFLQJ DQG DQDO\]LQJ PDWHULDOV ZLWK GLIIHUHQW
PROHFXODUVZLWFKHV)DGLQJEHKDYLRUZDVPHDVXUHGXQGHULGHQWLFDOFRQGLWLRQVVHH&KDSWHU²

 5(68/76$1'',6&866,21
6\QWKHVLV RI SKRWRFKURPLF VSLURS\UDQV ZLWK GLIIHUHQW OLQNHUV ZDV VXFFHVVIXOO\ SHUIRUPHG )LJXUH
6HYHUDOJUDPVRIFRUUHVSRQGLQJDFU\OLFDQGPHWKDFU\OLFGHULYDWLYHVRIVSLURS\UDQZHUHDFKLHYHG
LQ KLJK SXULW\ 7KHVH SKRWRFKURPLF PRQRPHUV ZHUH DOO WHVWHG DV SRWHQWLDO FDQGLGDWHV IRU
FRSRO\PHUL]DWLRQ ZLWK RWKHU PRQRPHUV WR REWDLQ SKRWRFKURPLF PDWHULDOV $GGLWLRQDOO\ WKH
V\QWKHVLV RI WKUHH SKRWRFKURPLF VSLURR[D]LQHVZDV HODERUDWHG )LJXUH 2QH RI WKHPKDV WZR
DFU\OLF JURXSV DQG LV WKHUHIRUH D SRWHQWLDO FURVVOLQNLQJ VSHFLHV WR DFKLHYH PHFKDQRFKURPLF
PDWHULDOV)XUWKHUPRUHIXQFWLRQDOJURXSVDWWKHVSLURS\UDQEDFNERQHDQGWKHSRVLWLRQDQGOHQJWK
RI WKH OLQNHU KDYH EHHQ DOWHUHG WR LQYHVWLJDWH WKH LPSDFW RQ WKH SKRWRFKURPLF EHKDYLRU RI WKH
FRUUHVSRQGLQJVSLURFRPSRXQG
,W LV NQRZQ IURP OLWHUDWXUH WKDW FKDQJLQJ WKH OLQNHUOHQJWK KDV D VLJQLILFDQW LPSDFW RQ WKH
SKRWRFKURPLFEHKDYLRURIVSLURS\UDQVWKDWDUHFRYDOHQWO\ERXQGWRDPDWUL[PDWHULDO6KRUWOLQNHUV
GRQRWDOORZWKHVSLURS\UDQVWUXFWXUHWRPRYHIDUDSDUWIURPLWVPDWUL[7KHUHIRUHDKLJKHULPSDFW
 6<17+(6,62)63,52&203281'6
IURPWKHPDWUL[RQWKHSKRWRFKURPLFEHKDYLRUFDQEHH[SHFWHGIRUVKRUWOLQNHUV3KRWRFKURPLVPRI
GLIIHUHQW VSLURS\UDQV DQG VSLURR[D]LQHV ZDV ILUVW LQYHVWLJDWHG LQ GLIIHUHQW VROYHQWV DW URRP
WHPSHUDWXUH 1RW DOO V\QWKHVL]HG VSLURFRPSRXQGV VKRZHG SKRWRFKURPLF EHKDYLRU DW URRP
WHPSHUDWXUH :KHWKHU WKHVH VWUXFWXUHV ZHUH QRQSKRWRFKURPLF DW DOO RU ZKHWKHU ULQJFORVLQJ
UHDFWLRQZDVWRRIDVWWREHGHWHFWHGE\H\HFDQQRWEHVWDWHG)URPOLWHUDWXUHLWLVNQRZQWKDWVRPH
VSLURS\UDQVVKRZSKRWRFKURPLFEHKDYLRURQO\DWORZWHPSHUDWXUHVHJDW&
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)LJXUH6\QWKHVL]HGVSLURFRPSRXQGVWKDWVKRZSKRWRFKURPLFEHKDYLRUDWURRPWHPSHUDWXUH
)RU WKH DSSOLFDWLRQ LQ D WUDQVGHUPDO FDIIHLQH GHOLYHU\ VHWXS RQO\ PROHFXOHV ZLWK SKRWRFKURPLF
EHKDYLRUDW URRP WHPSHUDWXUHDUHRI LQWHUHVW7KHUHIRUHDOOPROHFXOHV VKRZLQJQRSKRWRFKURPLF
EHKDYLRUDWURRPWHPSHUDWXUHLQDQ\VROYHQWZHUHH[FOXGHGIURPIXUWKHULQYHVWLJDWLRQVDQGDUHQRW
OLVWHGLQ)LJXUH
7KHPRVWSURPLQHQWO\UHSRUWHGVSLURS\UDQLQFOXGLQJDPRQRPHULFXQLWLVPHWKDFU\ODWH6LQFH
FRSRO\PHUL]DWLRQ RI VSLURS\UDQ ZDV QRW RQO\ SODQQHG ZLWKPHWKDFU\ODWHV EXW DOVR ZLWK DFU\ODWHV
PROHFXOHZDVV\QWKHVL]HGVLPLODUO\7KHWKUHHVWHSV\QWKHVHVZHUHSHUIRUPHGZLWKDQRYHUDOO\LHOG
RI63DQG63)LJXUH1RWRQO\PROHFXOHVDQGEXWDOVRVSLURS\UDQVKRZHG
SKRWRDQGVROYDWRFKURPLFEHKDYLRUDWURRPWHPSHUDWXUH5HSODFLQJDFHWRQLWULOHUHSRUWHGLQ WZR
SXEOLVKHG V\QWKHVHV  E\ WROXHQH LQFUHDVHG WKH \LHOG RI WKH ILUVW VWHS VLJQLILFDQWO\ ,Q WROXHQH
SURGXFW  SUHFLSLWDWHG GXULQJ WKH UHDFWLRQ ZKHUHDV LW VWD\HG GLVVROYHG LQ DFHWRQLWULOH 7KDW
GLIIHUHQFHLQVROXELOLW\FDQEHDQH[SODQDWLRQIRUWKHLQFUHDVHG\LHOG
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)LJXUH7KUHHVWHSV\QWKHVLVRIVSLURS\UDQDQG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)LJXUH7KUHHVWHSV\QWKHVLVRIVSLURS\UDQDQGYLDSKRWRFKURPLFLQWHUPHGLDWH
8VLQJSLSHULGLQHDVEDVHIRUWKHFRQGHQVDWLRQRIEHQ]DOGHK\GHZLWK LQGROLQHVDOWUHVXOWHG LQD
VOLJKWO\KLJKHU\LHOGRIVSLURS\UDQWKDQXVLQJWULHWK\ODPLQH$GGLWLRQDOO\LWZDVHDVLHUWRUHPRYH
SLSHULGLQHWKDQWULHWK\ODPLQHGXULQJWKHZRUNXS
,QJHQHUDOSXULILFDWLRQRIVSLURFRPSRXQGVZDVWKHPRVWGHPDQGLQJSDUWRIWKHV\QWKHVLVEHFDXVH
RI WKHLUDGDSWLYHFKDUDFWHU2QVLOLFDJHO WKHVSLURFRPSRXQGVVZLWFKHG LQWR WKHLU0&VWDWH7KLV
KLJKO\SRODUVWUXFWXUHGLGQRWDOORZVHSDUDWLRQIURPSRODULPSXULWLHVDQGDORWRIPDWHULDOVWD\HGRQ
WKH FROXPQ $OVR UHFU\VWDOOL]DWLRQ FDXVHG GLIILFXOWLHV 2QH RI WKH GLIIHUHQW VWDWHV RI WKH VSLUR
FRPSRXQGVZDVDOPRVWDOZD\VVROXEOHLQDFHUWDLQVROYHQW
'HSURWRQDWLRQRI LQGROLQHVDOWDOORZHGLVRODWLQJVWUXFWXUHD&RQGHQVDWLRQRIPROHFXOHDZLWK
DOGHK\GH UHVXOWHG DOVR LQ VSLURS\UDQ 1R VLJQLILFDQW GLIIHUHQFH FRQFHUQLQJ \LHOG DQG SXULW\ RI
VSLURS\UDQZDVIRXQGIRUWKHWZRDOWHUQDWLYHURXWHV)LJXUH
6SLURS\UDQ  LV D NQRZQ SKRWRFKURPLF PRQRPHU 5HSRUWV DERXW SKRWRFKURPLF PDWHULDOV
FRQWDLQLQJ VWUXFWXUH  DUH OHVV FRPPRQ WKDQ UHSRUWV DERXW PDWHULDOV EDVHG RQ PROHFXOH 
6WUXFWXUHZKLFKFDQQRWEHIRXQGLQOLWHUDWXUHZDVV\QWKHVL]HGVLPLODUWRPROHFXOH7KHWKUHH
VWHSV\QWKHVHVZHUHSHUIRUPHGZLWKDQRYHUDOO\LHOGRI63DQG63)LJXUH
&RQFHUQLQJ WKH \LHOG RI WKH FRQGHQVDWLRQ UHDFWLRQ RI PROHFXOHV  ZLWK DOGHK\GH  LQ VLWX
GHSURWRQDWLRQRILQGROLQHVDOWZDVPRUHHIIHFWLYHWKDQLQFOXGLQJDVHSDUDWHGHSURWRQDWLRQVWHS
8VLQJSLSHULGLQHDVEDVHIRU WKH LQ VLWXGHSURWRQDWLRQUHVXOWHGDJDLQ LQVOLJKWO\KLJKHU\LHOGV WKDQ
XVLQJWULHWK\ODPLQH
HWK\OGLPHWK\ODPLQRSURS\OFDUERGLLPLGH ('&, ZDV WHVWHG DV FRXSOLQJ DJHQW LQVWHDG RI
11
GLF\FORKH[\OFDUERGLLPLGH '&& IRU WKH HVWHULILFDWLRQ RI VSLURS\UDQ  7KH DSSURDFKZLWK
('&,UHVXOWHGLQQRSURGXFW(YHQDIWHUUHIOX[LQJIRUKRXUVRQO\VWDUWLQJPDWHULDOZDVLVRODWHG
0ROHFXOHDQGDUHDOOSKRWRFKURPLFVXEVWDQFHVDWURRPWHPSHUDWXUH

)LJXUH6\QWKHVLVRIGLIIHUHQWVSLURFRPSRXQGVZLWKRXWDQLWURJURXSVKRZLQJQRSKRWRFKURPLFEHKDYLRUDWURRP
WHPSHUDWXUH
 6<17+(6,62)63,52&203281'6

)LJXUH6\QWKHVLVRILQGROLQHDVSUHFXUVRUIRUVSLURR[D]LQHVDQGVSLURS\UDQV
6LQFHLWLVNQRZQIURPOLWHUDWXUHWKDWWKHQLWURJURXSSOD\VDFUXFLDOUROHLQWKHGHJUDGDWLRQSURFHVV
RI VSLURS\UDQV XQGHU89LUUDGLDWLRQ  WKUHH GLIIHUHQW VSLURVWUXFWXUHVZLWKRXW QLWURJURXSZHUH
V\QWKHVL]HG )LJXUH  8S WR QRZ V\QWKHVLV RI VSLURS\UDQ  KDV QHYHU EHHQ UHSRUWHG ,W LV
H[SHFWHGWKDWUHSODFLQJDVWURQJHOHFWURQDFFHSWRUOLNH12ZLWKDQHOHFWURQGRQRUHJ20HKDVD
PDMRU LPSDFW RQ WKH HOHFWURQGLVWULEXWLRQ LQ WKH PROHFXOH DV H[SODLQHG LQ &KDSWHU  7KH
VXEVWLWXWLRQRIWKHQLWURJURXSWXUQHGRXWWRKDYHVXFKDELJLPSDFWRQWKHPROHFXOHVWKDWQHLWKHU
PROHFXOHVQRUPHWKDFU\ODWHZHUHSKRWRFKURPLFDW URRPWHPSHUDWXUH5HPRYLQJ WKH
QLWURJURXSZLWKRXWDGHTXDWHUHSODFHPHQWZLWKDQRWKHUVWURQJHOHFWURQZLWKGUDZLQJJURXSVHHPVWR
HOLPLQDWHWKHSKRWRFKURPLFEHKDYLRURIVSLURS\UDQV
1RWRQO\UHSODFLQJVXEVWLWXHQWVDWWKHVSLURS\UDQEDFNERQHEXWDOVRFKDQJHVLQOHQJWKVWUXFWXUHRU
SRVLWLRQ RI WKH OLQNHU IURP WKH VSLURS\UDQXQLW WR WKH PHWKDFU\OLF XQLW FDQ KDYH D VLJQLILFDQW
LPSDFWRQWKHSKRWRFKURPLFEHKDYLRURIVSLURS\UDQV7KHUHIRUHVSLURS\UDQVZLWKGLIIHUHQWOLQNHU
SRVLWLRQVZHUHV\QWKHVL]HG0ROHFXOHZDVV\QWKHVL]HGDVQRQIXQFWLRQDOSUHFXUVRUIRUVSLURS\UDQV
ZLWKLWVOLQNHURQWKHEHQ]RS\UDQSDUW)LJXUH
6SLURS\UDQZDVSUHSDUHGDFFRUGLQJWROLWHUDWXUH,QWKHSUHVHQWFDVHPHWKDFU\OR\OFKORULGHZDV
UHSODFHGE\DFU\OR\OFKORULGH7KHRYHUDOO\LHOGIRUWKHWKUHHVWHSVZDVIRXQGWREH)LJXUH
$FFRUGLQJWROLWHUDWXUHPROHFXOHZDVH[SHFWHGWRVKRZLQYHUVHGSKRWRFKURPLFEHKDYLRUDQG
LPSURYHG SKRWRVWDELOLW\ XQGHU 89LUUDGLDWLRQ FRPSDUHG WR QLWURFRQWDLQLQJ VSLURS\UDQV
+RZHYHU VSLURFRPSRXQG  GLG QRW VKRZ DQ\ SKRWRFKURPLF EHKDYLRU DW URRP WHPSHUDWXUH
QHLWKHUDVVROXWHLQGLIIHUHQWVROYHQWV0H2+(W2++2(W2(W2$F+[0(.7%0(7RO
7+) 0H&1 '0) '062 DQG DFHWRQH QRU LQ D SRO\PHULF VWUXFWXUH FRSRO\PHUL]HG ZLWK 
K\GUR[\HWK\ODFU\ODWH
6LQFHUHSODFLQJWKHQLWURJURXSGLGQRWUHVXOWLQDQ\SKRWRFKURPLFPROHFXOHDWURRPWHPSHUDWXUHLW
VHHPV WR EH PRUH PHDQLQJIXO WR GHYHORS VSLURR[D]LQH FRQWDLQLQJ PDWHULDOV IRU ORQJ WHUP
DSSOLFDWLRQVZLWKORZIDGLQJUDWHV+RZHYHUIRUWKHGHYHORSPHQWRIVLPSOHSURWRW\SHVZRUNLQJZLWK
QLWURVSLURS\UDQVSURYLGHVHQRXJKVWDELOLW\
3UHFXUVRU  ZDV V\QWKHVL]HG DFFRUGLQJ WR OLWHUDWXUH ZLWK D VOLJKWO\ PRGLILHG SURFHGXUH )LJXUH
7KHWKUHHVWHSV\QWKHVLVJDYHDQRYHUDOO\LHOGRI7KLVLQGROLQHGHULYDWLYHDOORZHGXVWR
LQWURGXFH D OLQNHU RQ WKH LQGROLQH SDUW RI WKH VSLURS\UDQ &UHDWLRQ RI FURVVOLQNLQJPROHFXOHV LV
SRVVLEOHLIWKHUHLVDVHFRQGOLQNHULQWURGXFHGLQWKHS\UDQRUR[D]LQHSDUW

&ŝŐƵƌĞ6\QWKHVLVRIQLWURIUHHDFU\OLFVSLURS\UDQ
 6<17+(6,62)63,52&203281'6

)LJXUH6\QWKHVLVRILQGROLQHVDOWDVIXQFWLRQDOSUHFXUVRUIRUVSLURS\UDQVDQGVSLURR[D]LQHV
6SLURR[D]LQHZDVV\QWKHVL]HGLQVWHSV7ZRDOWHUQDWLYHURXWHVZHUHLQYHVWLJDWHG2QHDSSURDFK
ZDV WKHFRQGHQVDWLRQRIQLWURVRFRPSRXQGZLWK LQGROLQHVDOWWRREWDLQVSLURR[D]LQH,Q
VLWXR[LGDWLRQRIDPLQRFRPSRXQGZLWK'062IROORZHGE\FRQGHQVDWLRQZLWKLQGROLQHVDOWWR
REWDLQ VSLURR[D]LQH  ZDV WKH VHFRQG DSSURDFK )URP OLWHUDWXUH LW LV NQRZQ WKDW XVLQJ DPLQR
FRPSRXQGV ZLWK LQ VLWX R[LGDWLRQ JHQHUDOO\ UHVXOWV LQ KLJKHU \LHOGV RI VSLURR[D]LQHV %XW LQ WKH
SUHVHQWFDVHZRUNLQJZLWKDPLQHUHVXOWHG LQDQRYHUDOO\LHOGRIZKHUHDVFRQGHQVDWLRQZLWK
QLWURVRFRPSRXQGJDYHDQRYHUDOO\LHOGRI)LJXUH0ROHFXOHDVZHOODVPROHFXOH
ZDVSKRWRFKURPLFDWURRPWHPSHUDWXUH
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)LJXUH7KUHHVWHSV\QWKHVLVRIPHWKDFU\OLFVSLURR[D]LQH
7RFRPSDUHVSLURR[D]LQHVZLWKVSLURS\UDQVWKHVDPHLQGROLQHXQLWDVIRUVSLURS\UDQZDVXVHGIRU
VSLURR[D]LQH8QH[SHFWHGO\WKHIUHHDOFRKRORIWKHOLQNHUUHDFWHGDIWHUFRQGHQVDWLRQUHDFWLRQLQ
D IDYRUHG H[RWULJ SDWWHUQ %DOGZLQUXOH ZLWK WKH FUHDWHG HOHFWURSKLOLF LPLQH UHVXOWLQJ LQ DQ
DGGLWLRQDOPRUSKROLQLFJURXS WKDW HOLPLQDWHG WKHSKRWRFKURPLFEHKDYLRURI WKHPROHFXOH )LJXUH
1RUHSRUWVRQVWUXFWXUHRUVLPLODULQWUDPROHFXODUUHDFWLRQVRIIXQFWLRQDOJURXSVZLWKWKH
LPLQH RI VSLURR[D]LQHV FDQ EH IRXQG LQ OLWHUDWXUH 7KH DGGLWLRQDO ULQJFORVXUH ZDV FRQILUPHG E\
+0%& DQG 12(6< PHDVXUHPHQWV ,W ZDV QRW SRVVLEOH WR UHRSHQ WKH XQGHVLUHG ULQJ WR
IXQFWLRQDOL]H WKH DOFRKRO 7UDQVIRUPLQJ WKH DOFRKRO LQWR D PHWKDFU\ODWH EHIRUH SHUIRUPLQJ WKH
FRQGHQVDWLRQUHDFWLRQZDVWHVWHGZLWKRXWDQ\VXFFHVV

)LJXUH&RQGHQVDWLRQUHDFWLRQWRREWDLQVSLURFRPSRXQGZLWKLQWHUIHULQJOLQNHU
 6<17+(6,62)63,52&203281'6


)LJXUH&RQGHQVDWLRQUHDFWLRQWRREWDLQVSLURR[D]LQHWKDWVKRZVSKRWRFKURPLFEHKDYLRURQVLOLFDJHO
6\QWKHVLVRIVSLURR[D]LQHZDVVXFFHVVIXOO\SHUIRUPHG)LJXUH6WUXFWXUHZDVIRXQGWREH
SKRWRFKURPLF RQ VLOLFD JHO EXW QR SKRWRFKURPLF EHKDYLRU ZDV REVHUYHG LQ D YDULHW\ RI VROYHQWV
0H2+(W2++2(W2(W2$F+[0(.7%0(7RO7+)0H&1'0)'062DFHWRQH
RUDIWHUOLQNLQJWRS+(0$8SWRQRZPROHFXOHKDVRQO\EHHQUHSRUWHGDVVWDUWLQJPDWHULDOLQ
OLWHUDWXUHZLWKRXWDQ\V\QWKHWLFGHWDLOVVKRZQ
)LJXUH8QVXFFHVVIXOV\QWKHWLFDSSURDFKWRREWDLQELDFU\OLFVSLURS\UDQ
&URVVOLQNLQJ VSLURFRPSRXQG  LVNQRZQ IURP OLWHUDWXUH WR OHDG WRSKRWR DQGPHFKDQRFKURPLF
SRO\PHUV 6LQFH LQ D SRO\PHULF PDWUL[ QRW RQO\ HOHFWURVWDWLF EXW DOVR VWHULF DVSHFWV SOD\ DQ
LPSRUWDQWUROHWKHLGHDZDVWRV\QWKHVL]HVXFKDELDFU\ODWHGHULYDWLYHWRLQYHVWLJDWHWKHLPSDFWRID
VHFRQG OLQNHU RQ WKH SKRWRFKURPLF DQG VWUXFWXUDO SURSHUWLHV RI SRO\PHUV 6\QWKHVHV RI WKH
SUHFXUVRUV ZHUH SHUIRUPHG DV UHSRUWHG LQ OLWHUDWXUH +RZHYHU DOO DWWHPSWV WR LVRODWH WKH EL
DOFRKROLF VSLURS\UDQDIWHUFRQGHQVDWLRQLQD VXIILFLHQWSXULW\ IRUIXUWKHUVWXGLHVIDLOHG7DNLQJ WKH
FUXGH SURGXFW WR WKH QH[W VWHS QHLWKHU VROYHG WKH SUREOHP $OWKRXJK SKRWRFKURPLF EHKDYLRU RI
PROHFXOHZDVGHWHFWDEOHQRSXUHVSLURS\UDQZDVLVRODWHG)LJXUH
)LJXUH6\QWKHWLFDSSURDFKWRSURGXFHSKRWRFKURPLFELDFU\OLFVSLURR[D]LQH

 6<17+(6,62)63,52&203281'6
$V DQ DOWHUQDWLYH DSSURDFK WR V\QWKHVL]LQJ D FURVVOLQNLQJVSLURFRPSRXQG V\QWKHVLV RI ELDFU\OLF
VSLURR[D]LQHZDVSHUIRUPHG)LJXUH0ROHFXOHVDQGKDYHQRWEHHQGHVFULEHG\HWLQ
OLWHUDWXUH 7KH RYHUDOO\LHOG IRU VSLURR[D]LQH  ZDV PRGHVW EXW WKUHH V\QWKHWLF VWHSV DQG WZR
SXULILFDWLRQV E\ FROXPQ FKURPDWRJUDSK\ FRXOG EH DYRLGHG FRPSDUHG WR WKH V\QWKHWLF URXW RI
VSLURS\UDQ$QDGGLWLRQDOSOXVIRUVSLURR[D]LQHLVLWVORZHUIDGLQJUDWHVVHH&KDSWHU

 (;3(5,0(17$/
$OO UHDFWLRQV ZHUH SHUIRUPHG XQGHU DQ LQHUW JDV DWPRVSKHUH0DJQHVLXP FKORULGH 0J&O ZDV
GHOLYHUHG E\ )OXND %RURQ WULEURPLGH %%U  HWKDQRO (W2+ DEVROXWH  GULHG RYHU
PROHFXODU VLHYH GLFKORURPHWKDQH '&0  GULHG RYHUPROHFXODU VLHYH DQG WROXHQH 7RO
GULHGRYHUPROHFXODUVLHYHZHUHSXUFKDVHGIURP$FURV$FHWRQLWULOH0H&1+3/&JUDGH
ZDVGHOLYHUHGE\)LVKHU&KHPLFDO'HXWHUDWHGFKORURIRUP&'&ODQGGHXWHUDWHG'062
G'062ZHUHREWDLQHGIURP$UPDU&KHPLFDOV$OORWKHUFKHPLFDOVZHUHGHOLYHUHGIURP
6LJPD$OGULFKHJEXWDQRQH0(.DQG7+)GULHG$OOUHDJHQWVDQGVROYHQWV
ZHUHXVHGZLWKRXWIXUWKHUSXULILFDWLRQLIQRWVWDWHGRWKHUZLVH'HLRQL]HGZDWHUZDVREWDLQHGIURP
WKHLQKRXVHSXULILFDWLRQV\VWHP)RUURWDU\HYDSRUDWLRQWKHWHPSHUDWXUHZDVVHWWR&2UJDQLF
OD\HUVDIWHUH[WUDFWLRQVZHUHGULHGRYHU0J62[+2&ROXPQFKURPDWRJUDSK\ZDVSHUIRUPHGRQ
VLOLFD JHO   ² PHVK IURP0HUFN 7KLQ OD\HU FKURPDWRJUDSK\ 7/&ZDV SHUIRUPHG RQ
6LOLFDJHO : )6 7/& JODVV SODWHV IURP0HUFN 3UHSDUDWLYH OD\HU FKURPDWRJUDSK\ 3/& ZDV
SHUIRUPHGRQ3/&6LOLFDJHO)JODVVSODWHVZLWKDOD\HUWKLFNQHVVRIPPIURP0HUFN
+105 DQG &105 ZHUH PHDVXUHG ZLWK D %UXNHU  0+] 7KH VLJQDO RI QRQGHXWHUDWHG
VROYHQWZDVXVHGDV LQWHUQDOUHIHUHQFHIRUWKH +VSHFWUD)RU WKH &VSHFWUDWKHFDUERQVLJQDORI
WKH GHXWHUDWHG VROYHQW ZDV XVHG DV LQWHUQDO UHIHUHQFH&RXSOLQJ FRQVWDQWV DUH UHSRUWHG LQ+HUW]
+])RU WKH DVVLJQPHQWRI WKH VLJQDOV LQ WKH &105VSHFWUD+0%&DQG+64&H[SHULPHQWV
ZHUH SHUIRUPHG ,QIUDUHG ,5 VSHFWUD ZHUH UHFRUGHG ZLWK D %LR5DG )76  XVLQJ DQ $75
*ROGHQ *DWH 8OWUDYLROHW DQG YLVLEOH 899,6 DEVRUSWLRQ PHDVXUHPHQWV ZHUH SHUIRUPHG RQ D
9DULDQ %LR035 /RZ UHVROXWLRQ PDVV VSHFWURVFRS\ /506 ZDV SHUIRUPHG RQ D %UXNHU
'DOWRQLFV HVTXLUH+&7$OO /506VDPSOHVZHUH GLVVROYHG LQ DFHWRQLWULOH DQG ILOWHUHG RYHU WLWDQ
+3/&Q\ORQ ILOWHU P IURP ,QIRFKURPD$*(OHPHQWDO DQDO\VLV ($ZDV UHFRUGHGRQDQ
(OHPHQWDU9DULR0LFUR&XEHDWWKHPHDVXULQJVHUYLFHRIWKH8QLYHUVLW\RI%DVHO
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)LJXUH1XPEHULQJRIPROHFXOHVUHOHYDQWIRU105VLJQDODVVLJQPHQWV
 6<17+(6,62)63,52&203281'6
K\GUR[\HWK\OWULPHWK\O+LQGROLXP EURPLGH  $ GU\ URXQGERWWRP IODVN ZDV
FKDUJHGZLWKLQGROLQHJPPRODQGP/WROXHQH$IWHUDGGLWLRQRIEURPLGHJ
PPRO WKH UHDFWLRQ PL[WXUH ZDV KHDWHG WR & DQG VWLUUHG IRU  K $IWHU FRROLQJ WR URRP
WHPSHUDWXUH WKH SUHFLSLWDWHG PDWHULDO ZDV LVRODWHG E\ YDFXXP ILOWUDWLRQ DQG ZDVKHG ZLWK FROG
WROXHQHIROORZHGE\(W2WRREWDLQSURGXFW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 DQG  P/ RI DFHWLF DFLG $IWHU FRROLQJ WR & D SUHSDUHG
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DQGP/+62FRQFZDVDGGHGVORZO\$IWHUVWLUULQJDW&
IRU DQ DGGLWLRQDO KRXU WKH SUHFLSLWDWHZDV LVRODWHGZDVKHGZLWK GLHWK\O HWKHU DQG UHFU\VWDOOL]HG
IURP(W2$F DQG GLHWK\O HWKHU1LWUREHQ]DOGHK\GH  PJ PPRO 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 PJ 
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ZDVLVRODWHGDVSDOHFU\VWDOV
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PJ PPROZHUH GLVVROYHG LQ P/ HWKDQRO
3LSHULGLQHP/PPROZDVDGGHGLQRQHSRUWLRQ7KHUHDFWLRQZDVUHIOX[HGIRUK7KH
VROYHQWZDVWKHQUHPRYHG7KHUHVLGXHZDVWDNHQXSLQP/DQK\GURXV'&0(W1PO
PPROZDVDGGHGDQGWKHVROXWLRQZDVFRROHGWR&$VROXWLRQRIDFU\OR\OFKORULGHP/
PPRO ZDV DGGHG GURSZLVH $IWHU VWLUULQJ IRU  K WKH VROXWLRQ ZDV GLVVROYHG ZLWK'&0 7KH
RUJDQLF OD\HU ZDV WKHQ ZDVKHG ZLWK 0+&O VROXWLRQ VDWXUDWHG 1D+&2 VROXWLRQ DQG EULQH
5HPRYDORIWKHVROYHQWUHVXOWHG LQDQRLO\UHVLGXH7/&LQGLFDWHGWKHSUHVHQFHRIDSKRWRFKURPLF
VXEVWDQFHEXWDOODWWHPSWVWRLVRODWHSXUHSURGXFWIDLOHG
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7KHV\QWKHVLVRIGLIIHUHQWVSLURS\UDQVDQGVSLURR[D]LQHVZDVVXFFHVVIXOO\DFKLHYHG$VSLURR[D]LQH
ZLWK WZR DFU\OLF XQLWV ZDV V\QWKHVL]HG IRU WKH ILUVW WLPH $OWKRXJK UHSRUWHG LQ OLWHUDWXUH WKH
V\QWKHVLV RI D VSLURS\UDQ ZLWK WZR DFU\OLF XQLWV IDLOHG GXH WR SUREOHPV ZLWK SXULI\LQJ WKH ILQDO
SURGXFW,QJHQHUDOSXULILFDWLRQRIVSLURFRPSRXQGVZDVWKHPRVWGHPDQGLQJSDUWRIWKHV\QWKHVLV
EHFDXVH RI WKHLU DGDSWLYH FKDUDFWHU 1RW DOO V\QWKHVL]HG VSLURFRPSRXQGV VKRZHG SKRWRFKURPLF
EHKDYLRU DW URRP WHPSHUDWXUH 7KHVH QRQSKRWRFKURPLF PROHFXOHV ZHUH H[FOXGHG IURP IXUWKHU
LQYHVWLJDWLRQ<LHOGVRIWKHVSLURS\UDQVV\QWKHVHVGLIIHUWUHPHQGRXVO\3URGXFWLRQRIVHYHUDOJUDPV
RI KLJKO\ SXUH VSLURS\UDQV ZDV DFKLHYHG IRUPROHFXOHV      DQG +LJKHVW \LHOGV DUH
REWDLQHG LI WKH SURGXFW SUHFLSLWDWHG GXULQJ WKH V\QWKHVLV 7KLV LV HVSHFLDOO\ WKH FDVH IRU WKH
FRQGHQVDWLRQUHDFWLRQIRUPLQJWKHVSLURXQLW7HVWLQJGLIIHUHQWVROYHQWVDQGVROYHQWPL[WXUHVFRXOG
WKHUHIRUH LPSURYH WKH \LHOGV RI WKH V\QWKHVHV VLJQLILFDQWO\ 3RVLWLRQ RI WKH OLQNHU DOVR KDG DQ
LQIOXHQFH RQ WKH V\QWKHWLF VXFFHVV ,QWURGXFLQJ WKH OLQNHU DW WKH LQGROLQHQLWURJHQ ZDV PRVW
VXFFHVVIXO IRU VSLURS\UDQV)RU VSLURR[D]LQHV LWZDVPRUH VXFFHVVIXO WR LQWURGXFH WKH OLQNHUDW WKH
QDSKWKROULQJ'HSHQGLQJRQWKHOHQJWKDQGWKHFKHPLFDOVWUXFWXUHRIWKHOLQNHULWFDQKDSSHQWKDW
WKH OLQNHULQWHUIHUHVZLWKWKH LPLQHRIWKHVSLURR[D]LQH,IWKH LPLQHLVFRQYHUWHGLQWRDVHFRQGDU\
DPLQH WKH SKRWRFKURPLF EHKDYLRU RI VSLURR[D]LQH LV TXHQFKHG 7KHUHIRUH LW LV LPSRUWDQW WR
FDUHIXOO\ FKRRVH WKH ULJKW OLQNHU VWUXFWXUH IRU VSLURR[D]LQHV )RU ORQJWHUP DSSOLFDWLRQV RI VSLUR
FRPSRXQGV LQPDWHULDOV LW LVPRUHPHDQLQJIXO WRGHYHORS VSLURR[D]LQHFRQWDLQLQJPDWHULDOV WKDQ
ZRUNLQJ ZLWK VSLURS\UDQV GXH WR ORZHU IDGLQJ UDWHV RI VSLURR[D]LQHV 7R EH DEOH WR ZRUN ZLWK
VSLURR[D]LQHVLWLVLPSRUWDQWWRLPSURYHWKHSXULILFDWLRQPHWKRGV6LQFHVSLURR[D]LQHV²VLPLODUWR
VSLURS\UDQV²GRQRWEHKDYHZHOORQVLOLFDUHFU\VWDOOL]DWLRQLVWKHPRVWSURPLVLQJDSSURDFKWRSXULI\
ODUJH TXDQWLWLHV RI VSLURR[D]LQHV ZKLFK DUH QHHGHG WR SUHSDUH DQG DQDO\]H OLJKWUHVSRQVLYH
PDWHULDOV
 
 6<17+(6,62)63,52&203281'6
 5()(5(1&(6
 *+%URZQ5/LYLQJVWRQDQG5&%HUWHOVRQ3RWRFKURPLVP:LOH\,QWHUVFLHQFH1HZ<RUN
 +'UU+%RXDV/DXUHQW5*XJOLHOPHWWLDQG1<&&KX3KRWRFKURPLVP²PROHFXOHVDQGV\VWHPV(OVHYLHU
$PVWHUGDP
 -&&UDQRDQG5-*XJOLHOPHWWL0DLQ3KRWRFKURPLF)DPLOLHV3OHQXP3UHVV1HZ<RUN
 &%0F$UGOH-&&UDQR:6.ZDN&1:HOFKDQG0,ULH$SSOLHG3KRWRFKURPLF3RO\PHU6\VWHPV%ODFNLH
	6RQ/WG*ODVJRZ
 <+LUVFKEHUJDQG()LVFKHU-&KHP6RF
 . .LQDVKL 6 1DNDPXUD < 2QR . ,VKLGD DQG < 8HGD -RXUQDO RI 3KRWRFKHPLVWU\ DQG 3KRWRELRORJ\ $
&KHPLVWU\
 3+9DQGHZ\HUDQG*6PHWV-RXUQDORI3RO\PHU6FLHQFH3DUW$3RO\PHU&KHPLVWU\
 '6$FKLOOHRVDQG09DPYDNDNL0DFURPROHFXOHV
 &%H\HULQ1DWXUZLVVHQVFKDIWOLFKHQ)DNXOWlW,98QLYHUVLWlW5HJHQVEXUJ5HJHQVEXUJ
 -7&:RMW\N$:DVH\30.D]PDLHU6+R]DQG(%XQFHO7KH-RXUQDORI3K\VLFDO&KHPLVWU\$

 76DWRK.6XPDUX77DNDJL.7DNDLDQG7.DQDPRUL3K\VLFDO&KHPLVWU\&KHPLFDO3K\VLFV

 +2GD'\HVDQG3LJPHQWV
 *6XFK5$(YDQV/+<HHDQG73'DYLV-RXUQDORI0DFURPROHFXODU6FLHQFH3DUW&
 5$(YDQV7/+DQOH\0$6NLGPRUH73'DYLV*.6XFK/+<HH*(%DOODQG'$/HZLV1DW0DWHU

 &6DOHPL**LXVWLDQG5*XJOLHOPHWWL-RXUQDORI3KRWRFKHPLVWU\DQG3KRWRELRORJ\$&KHPLVWU\

 $.&KLELVRYDQG+*|UQHU7KH-RXUQDORI3K\VLFDO&KHPLVWU\$
 50DWVXVKLPD01LVKL\DPDDQG0'RL -RXUQDO RI 3KRWRFKHPLVWU\ DQG3KRWRELRORJ\$ &KHPLVWU\ 

 -5DWQHU1.DKDQD$:DUVKDZVN\DQG9.URQJDX],QGXVWULDO	(QJLQHHULQJ&KHPLVWU\5HVHDUFK

 6/3RWLVHN'$'DYLV156RWWRV65:KLWHDQG-60RRUH-RXUQDORIWKH$PHULFDQ&KHPLFDO6RFLHW\

 $=HOLFKHQRN)%XFKKROW]6<LW]FKDLN-5DWQHU06DIURDQG9.URQJDX]0DFURPROHFXOHV

 '6$FKLOOHRV7$+DWWRQDQG09DPYDNDNL-RXUQDORI WKH$PHULFDQ&KHPLFDO6RFLHW\

 6)ULHGOHDQG6:7KRPDV$QJHZDQGWH&KHPLH,QWHUQDWLRQDO(GLWLRQ
 ':DQJ3-LDR-:DQJ4=KDQJ/)HQJDQG=<DQJ-RXUQDORI$SSOLHG3RO\PHU6FLHQFH

 )05D\PRDQG6*LRUGDQL-RXUQDORIWKH$PHULFDQ&KHPLFDO6RFLHW\
 -&KHQ3=KDQJ*)DQJ3<L;<X;/L)=HQJDQG6:X7KH-RXUQDORI3K\VLFDO&KHPLVWU\%

 +*|UQHU&KHPLFDO3K\VLFV/HWWHUV
 <8HQR--RVH$/RXGHW&3pUH]%ROtYDU3$Q]HQEDFKHUDQG.%XUJHVV-RXUQDORIWKH$PHULFDQ&KHPLFDO
6RFLHW\
 6+.LP6:&KRL+-6XK6+-LQ<6*DODQG..RK'\HVDQG3LJPHQWV
 6:DQJ06&KRLDQG6+.LP-RXUQDORI3KRWRFKHPLVWU\DQG3KRWRELRORJ\$&KHPLVWU\

 9/RNVKLQ$6DPDWDQG5*XJOLHOPHWWL7HWUDKHGURQ





3/$60$,1'8&('&2$7,1*2)32528632/<&$5%21$7(0(0%5$1(6
 3/$60$,1'8&('&2$7,1*2)32528632/<&$5%21$7(
0(0%5$1(6
 ,1752'8&7,21
$SRZHUIXO DQGHDV\SURFHVV WR JHW D FRYDOHQWO\ ERXQG FRDWLQJ RQDPHPEUDQH LV WR DFWLYDWH WKH
PHPEUDQHVXUIDFHE\DSODVPDWUHDWPHQWIROORZHGE\DSRO\PHUL]DWLRQSURFHVVLQVROXWLRQ
7R FUHDWH SODVPD DQ HOHFWULFDO ILHOG LV DSSOLHG RQ D JDV VDPSOH 3UDFWLFDO JORZ GLVFKDUJHV DUH
FRPSOH[HQYLURQPHQWVDQGWKH\DUHIDUIURPEHLQJZHOOXQGHUVWRRG ,W LVNQRZQWKDW WKHHOHFWULF
ILHOGLQGXFHVWZRSDLUVRIPDLQSURFHVVHVQDPHO\H[FLWDWLRQDQGUHOD[DWLRQDVZHOODVLRQL]DWLRQDQG
UHFRPELQDWLRQ (QHUJ\ IURP WKH HOHFWULF ILHOG FDXVHV WKH WUDQVSRUWDWLRQ RI HOHFWURQV LQWR
HQHUJHWLFDOO\KLJKHURUELWDOVZLWKLQ WKHVDPHPROHFXOHH[FLWDWLRQ:KHQWKHHOHFWURQVDUH IDOOLQJ
EDFN LQWR HQHUJHWLFDOO\ ORZHURUELWDOV OLJKW LV HPLWWHG UHOD[DWLRQ 6LQFH WKHGLIIHUHQFHRI HQHUJ\
OHYHOV DUH FKDUDFWHULVWLF IRU GLIIHUHQW PROHFXOHV WKH HPLWWHG OLJKW LV FRPSRVHG RI FKDUDFWHULVWLF
ZDYHOHQJWKV,QSUDFWLFHWKHJDVWLJKWQHVVRIDSODVPDVHWXSFDQHDVLO\EHFKHFNHGE\PRQLWRULQJ
WKHFKDUDFWHULVWLFZDYHOHQJWKVRIQLWURJHQ,IDQHOHFWURQLVHQWLUHO\UHPRYHGIURPDJDVPROHFXOH
DQLRQSDLULVFUHDWHGLRQL]DWLRQWKDWH[SHULHQFHVDFFHOHUDWLRQLQRSSRVLWHGLUHFWLRQVLQWKHHOHFWULF
ILHOG ,I D FDWLRQ PHHWV DQ HOHFWURQ WKH\ UHFRPELQH WR D QHXWUDO JDV PROHFXOH UHFRPELQDWLRQ
6WHDG\ VWDWH SODVPD LV UHDFKHGZKHQ LRQL]DWLRQUDWHPDWFKHV WKH UHFRPELQDWLRQUDWH $ W\SLFDO
ORZWHPSHUDWXUHSODVPDFRQVLVWVPRVWO\RIQRQFKDUJHGJDVPROHFXOHV7KHGHJUHHRILRQL]DWLRQLV
RQO\DERXWDQGWKHFXUUHQWGHQVLW\LVLQWKHRUGHURIP$FP$OWKRXJKRQO\DPLQRULW\RI
JDVPROHFXOHVLVLRQL]HGWKHVHLRQVDUHFUXFLDOIRUDOOPRGLILFDWLRQSURFHVVHVWKDWWDNHSODFHGXULQJ
SODVPDWUHDWPHQWRIDPDWHULDO'LIIHUHQWSURFHVVHVPDNHXVHRILRQL]DWLRQLQGLIIHUHQWZD\V)RU
VSXWWHULQJSURFHVVHV LW LV LPSRUWDQW WKDWDKLJKQXPEHURILRQVDUHDFFHOHUDWHGWRZDUGVWKHWDUJHW
VXUIDFH ,Q SODVPD HWFKLQJ WKH FUHDWLRQ RI FKHPLFDOO\ DFWLYH VSHFLHV ZKLFK FDQ UHDFW ZLWK WKH
VXEVWUDWHLVHVVHQWLDO)RUWKHFUHDWLRQRIUDGLFDOVWKHQXPEHURIHOHFWURQVWKDWDUHDEOHWRKLWWKH
WDUJHW VXUIDFH LV UHOHYDQW $OWKRXJK WKH PDFURVFRSLF WHPSHUDWXUH RI WKH SODVPD LV ORZ WKH
WHPSHUDWXUHRIWKHIUHHHOHFWURQVLVH[WUHPHO\KLJK7KHPDVVRIDQHOHFWURQLVPXFKVPDOOHUWKDQ
WKH PDVV RI WKH FDWLRQ WKDW JHWV FUHDWHG GXULQJ LRQL]DWLRQ 7KHUHIRUH HOHFWURQV JHW PXFK PRUH
DFFHOHUDWHG LQ WKH DSSOLHG HOHFWULFDO ILHOG7KH\REWDLQ D NLQHWLF HQHUJ\RI DERXW  H9 LQ DYHUDJH
ZKLFK FRUUHVSRQGV WR D WHPSHUDWXUH RI · .  7KH PDMRULW\ RI JDV PROHFXOHV LQ D SODVPD
SURFHVV VWD\VQHXWUDODQGDUHQRWDFFHOHUDWHGE\ WKH HOHFWULF ILHOG&ROOLVLRQVRI QHXWUDOPROHFXOHV
ZLWKHOHFWURQVWUDQVPLWVHQHUJ\IURPWKHDFFHOHUDWHGHOHFWURQVWRWKHQHXWUDOVSHFLHV%XWGXHWRWKH
VLJQLILFDQW GLIIHUHQFH LQ PDVV WKH PDFURVFRSLF WHPSHUDWXUH RI WKH JDV LQFUHDVHV RQO\ E\ VRPH
NHOYLQV
3ODVPDPRGLILFDWLRQKDVVRPHDGYDQWDJHVFRPSDUHGWRRWKHUVXUIDFHWHFKQRORJLHV,WLVDIDVWGU\
DQG HQYLURQPHQWDOO\ IULHQGO\ WHFKQRORJ\ ZKLFK KDV EHFRPH DQ LPSRUWDQW SURFHVV VWHS LQ PDQ\
LQGXVWULDO ILHOGV ,W HQDEOHV WKH WDLORUHG VXUIDFHIXQFWLRQDOL]DWLRQ RI SRO\PHUV ZKLOH PDLQWDLQLQJ
WKHLU GHVLUDEOH EXON SURSHUWLHV %HVLGHV WKH FUHDWLRQ RI DFWLYH VXUIDFH VSHFLHV FOHDQLQJ RI WKH
VXUIDFH LVDQDGGLWLRQDOEHQHILFLDOSURFHVVZKLFKPDNHVSODVPDDSURPLVLQJDSSURDFK IRUFUHDWLQJ
KRPRJHQRXVO\FRDWHGSRO\PHUVXUIDFHVLQDUHSURGXFLEOHPDQQHU

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,Q RUGHU WR RSWLPL]H WKH SODVPDDFWLYDWLRQ RI SRO\FDUERQDWHPHPEUDQHV WKH QXPEHU RI UHDFWLYH
VSHFLHVFUHDWHGLQWKHSODVPDDQGWKHLUOLIHWLPHKDVWREHUHJDUGHG+HQFHWKHJDVPL[WXUHDQGWKH
SUHVVXUHDUHLPSRUWDQWSDUDPHWHUVEHVLGHSRZHULQSXWDQGWUHDWPHQWWLPH(VSHFLDOO\DUJRQR[\JHQ
JDVHRXVPL[WXUHVZHUHIRXQGWRLPSURYHWKHDGKHVLRQRIFRDWLQJVRQSRO\FDUERQDWHVXEVWUDWHV
,Q WKLV ZRUN WKH SRO\FDUERQDWH PHPEUDQHV ZHUH WUHDWHG ZLWK DQ DUJRQR[\JHQ UDWLR RI  DQG
PRGHUDWH SUHVVXUH  3D 6LPLODU SODVPD SDUDPHWHUV KDYH EHHQ SUHYLRXVO\ UHSRUWHG IRU WKH
WUHDWPHQWRIGLIIHUHQWSRURXVPHGLDVXFKDVWH[WLOHVQRQZRYHQVDQGPHPEUDQHV3RO\FDUERQDWH
LVDSRO\PHUZKLFKW\SLFDOO\VKRZVOLQHDUHWFKLQJUDWHVZLWKSODVPDH[SRVXUHWLPH
,Q WKLV VWXG\ D QRYHO SODVPD VHWXS LV UHSRUWHG ZKLFK DOORZV WKH PRGLILFDWLRQ RI WKH DFWLYDWHG
PHPEUDQHVLQVROXWLRQXQGHULQHUWFRQGLWLRQV7KXVQRQYRODWLOHPRQRPHUVFDQEHXVHGLQFRQWUDVW
WRFRQYHQLHQWJDVGHSRVLWLRQSURFHVVHV
7ZR VWUDWHJLHV DUH SRVVLEOH WR FUHDWH SKRWRFKURPLF FRDWLQJV EDVHG RQ D SODVPD LQLWLDWHG
SRO\PHUL]DWLRQ SURFHVV 6WUDWHJ\ QXPEHU RQH LQFOXGHV WKH FUHDWLRQ RI D SRO\PHULF FRDWLQJ ZLWK
IXQFWLRQDOVLGHFKDLQVIROORZHGE\DSRVWPRGLILFDWLRQRIWKHVHIXQFWLRQDOVLGHFKDLQV LQD VHSDUDWH
UHDFWLRQ 6WUDWHJ\QXPEHUWZRLVWKHUDQGRPFRSRO\PHUL]DWLRQRISKRWRFKURPLFPRQRPHUZLWK
WKHPDLQFRDWLQJPRQRPHULQDRQHVWHSDSSURDFK
8SWRQRZRQO\RQHUHSRUWKDVEHHQSXEOLVKHGRQDSODVPDLQGXFHGSKRWRFKURPLFVXUIDFHFRDWLQJ
ZLWK VSLURS\UDQ 7KH SODVPDLQGXFHG VXUIDFHJUDIWLQJ SHUIRUPHG E\ &KXQJ HW DO IROORZHG WKH
FRSRO\PHUL]DWLRQVWUDWHJ\WRFRDWDSRURXV37)(PHPEUDQHLQDVLQJOHUHDFWLRQVWHS7KH\VKRZHG
WKDWWKHIORZRIDPHWKDQROZDWHUPL[WXUHWKURXJKWKHOLJKWUHVSRQVLYHPHPEUDQHZDVGHSHQGLQJRQ
WKHVSLURS\UDQVWDWH0RUHVROXWLRQZDVIORZLQJWKURXJKWKHPHPEUDQHXQGHU89LUUDGLDWLRQWKDQ
DWGD\OLJKW
)RU WKLV VWXG\ LWZDVGHFLGHG WR IRFXVRQ WKHPRGLILFDWLRQRI3&PHPEUDQHV VLQFH WKH\DUHPRUH
HQYLURQPHQWDOIULHQGO\DQGFDQEHSODVPDDFWLYDWHGDWORZHUHQHUJLHVWKDQ37)(PHPEUDQHV
7KHKHUHLQ UHSRUWHG VXUIDFHPRGLILFDWLRQPHWKRGDOORZV ILUVWRIDOO WKHDGMXVWPHQWRI WKH VXUIDFH
K\GURSKLOLFLW\ RI SRO\FDUERQDWH ZKLFK OHDGV WR QRQUHVSRQVLYH PHPEUDQHV ZLWK D UDQJH RI
SHUPHDELOLW\ UHVLVWDQFHV WRZDUGV FDIIHLQH VROXWLRQ 3RVWPRGLILFDWLRQ RI IXQFWLRQDO FRDWLQJV ZLWK
VSLURS\UDQ UHVXOWHG LQ SKRWRFKURPLFPHPEUDQHV ZLWK VZLWFKDEOH SHUPHDELOLW\ UHVLVWDQFH WRZDUGV
FDIIHLQH7KHVDPHZDVDFKLHYHGXVLQJDFRSRO\PHUL]DWLRQSURFHVV\LHOGLQJSKRWRFKURPLFFRDWLQJVLQ
D VLQJOH UHDFWLRQ VWHS 7R LPSURYH WKH ORQJWHUP VWDELOLW\ RI WKH PHPEUDQH D VSLURR[D]LQH
FRQWDLQLQJSKRWRFKURPLFFRDWLQJIRUSRURXVPDWHULDOVZDVGHYHORSHGIRUWKHILUVWWLPH
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0DWHULDOVDQGJHQHUDOPHWKRGV
3RO\FDUERQDWH3&0HPEUDQHV&\FORSRUHDQG1DQRSRUH7UDFN(WFKHG7(ĨPP
ĨPQPQPDQGQPSRUHGLDPHWHUPPRUPPPHPEUDQHGLDPHWHUZHUHSXUFKDVHG
IURP:KDWPDQ 3RO\HWKHUVXOIRQH 3(6)0HPEUDQHV 6XSRU  P SRUH GLDPHWHU PP
PHPEUDQH GLDPHWHU ZHUH REWDLQHG IURP 3DOO 3RO\YLQ\OLGHQH IOXRULGH 39') 0HPEUDQHV
'XUDSRUH  PSRUH GLDPHWHU PPPHPEUDQH GLDPHWHUZHUH SXUFKDVHG IURP0LOOLSRUH
3&ZDIHUV WKLFNQHVV  PP ZHUH REWDLQHG IURP0LFURIOXLGLF &KLS 6KRS 6LOLFRQZDIHUV ZHUH
GHOLYHUHGE\3RZDWHF*PE+0HWKDFU\OLF$FLG0$$DQGHWKDQRO (W2+DEVROXWH
GULHG RYHU PROHFXODU VLHYH ZDV GHOLYHUHG E\ $FURV 2UJDQLFV 2FWDQRLF $FLG 2FW SXUULV ZDV
REWDLQHGIURP5LHGHOGH+DsQ+H[DQH+[ZDVREWDLQHGIURP%LRVROYH0HWKDQRO0H2+
 GULHG RYHU PROHFXODU VLHYH +\GUR[\HWK\O PHWKDFU\ODWH +(0$  +\GUR[\HWK\O
DFU\ODWH +($  PHWK\O PHWKDFU\ODWH 00$  $PLQRHWK\O PHWKDFU\ODWH $(0$
 $FU\ODPLGRPHWK\OSURSDQH VXOIRQLF DFLG VRGLXP VDOW $0361D  11
'LF\FORKH[\OFDUERGLLPLGH '&&  GLPHWK\O DPLQRS\ULGLQH '0$3  HWK\O DFHWDWH
(W2$F SXULVV DQG DOXPLQXP R[LGH 7\SH&*ZHUH REWDLQHG IURP 6LJPD$OGULFK&DIIHLQH
UHDJHQW SOXV DQG WHUWEXW\OPHW\OHWKHU 7%0(  ZDV SXUFKDVHG E\ )OXND $OO FKHPLFDOV
XQOHVV VWDWHG RWKHUZLVH ZHUH XVHG DV GHOLYHUHG ZLWKRXW IXUWKHU SXULILFDWLRQ 6SLURS\UDQV DQG
VSLURR[D]LQHZHUHV\QWKHVL]HGDQGQDPHGDFFRUGLQJWR&KDSWHU7KHUHOHYDQW VWUXFWXUHVIRUWKLV
FDQEHVHHQLQ)LJXUH

)LJXUH8VHGSKRWRFKURPLFVSLURS\UDQVDQGVSLURR[D]LQHIRUWKHGLIIHUHQWFRDWLQJV
$UJRQDQG2[\JHQZHUHSXUFKDVHGIURP$OSKDJD]'LVWLOOHGZDWHUIURPWKH
LQKRXVHVXSSO\ZDVXVHGXQOHVVVWDWHGRWKHUZLVH899LVPHDVXUHPHQWVRIDOOOLTXLGVDPSOHVZHUH
SHUIRUPHG RQ D 9DULDQ %LR035 )RU ZHLJKLQJ D 0HWWOHU 7ROHGR $%6 DQG D 0HWWOHU
0(ZHUHXVHG,5PHDVXUHPHQWVZHUHSHUIRUPHGRQD%LR5DG)76HTXLSSHGZLWKDQ$75
*ROGHQ*DWH105VSHFWUDZHUH UHFRUGHGRQD%UXNHU0+]6FDQQLQJHOHFWURQ0LFURVFRS\
6(0SLFWXUHVZHUHUHFRUGHGRQD+LWDFKL6$OO6(0VDPSOHVZHUHFRDWHGZLWKDJROGOD\HU
RI DERXW  QP 0HPEUDQHV IRU 6(0 FURVVVHFWLRQ LPDJHV ZHUH FXW LQ OLTXLG QLWURJHQ 3RUH
GLDPHWHUVZHUHGHWHUPLQHGE\PHDVXULQJSRUHVRIHDFKVDPSOH2QO\VLQJOHURXQGVKDSHGSRUHV
WKDWZHUHQRWIXVHGWRRWKHUSRUHVZHUHWKHUHIRUFRQVLGHUHG0HPEUDQHWKLFNQHVVZDVPHDVXUHGDW

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WHQGLIIHUHQWSRVLWLRQV6WDQGDUG;UD\SKRWRHOHFWURQVSHFWURVFRS\;36ZDVSHUIRUPHGRQD3+,
VSHFWURPHWHU,QYHVWLJDWHGHPLVVLRQDQJOHZDV;36GDWDZHUHDQDO\]HGXVLQJWKHSURJUDP
&DVD;363URILORPHWULFPHDVXUHPHQWVZHUHSHUIRUPHGRQD'HNWDNIURP9HHFR
3ODVPDFKDPEHU
6FKHPH  VKRZV WKH SODVPD FKDPEHU XVHG WR SURGXFH WKH VXUIDFH PRGLILHG PHPEUDQHV $
'UHVVOHU &HVDU 5) 3RZHU *HQHUDWRU D 0.6 0XOWL *DV &RQWUROOHU & WZR 0.6 0DVV)OR
FRQWUROOHUVDQGD9DFXXEUDQG5(URWDU\YDQHYDFXXPSXPSZHUHXVHG IRU WKH VHWXS$JODVV
WXEHOHQJWKFPGLDPHWHUFPZDVHTXLSSHGZLWKWKUHHFRSSHUEDQGVOHQJWKFPZLWK
FP7KHILUVWEDQGZDVZUDSSHGDURXQGWKHFHQWUDOSDUWRIWKHWXEH7KHWZRRWKHUVZHUHIL[HGLQD
GLVWDQFHRIFPHDFKRQWKHOHIWDQGULJKWSDUWRIWKHWXEHWRJHWDV\PPHWULFDOVHWXS7KHFHQWUDO
EDQGHOHFWURGHZDVFRQQHFWHGWRWKH5)SRZHUJHQHUDWRUYLDDPDWFKLQJQHWZRUNZKLOHWKHRXWHU
WZREDQGVFRXQWHUHOHFWURGHVZHUHFRQQHFWHGWRWKHJURXQGHGFRD[LDOVKLHOGRIWKH5)FRXSOLQJ
$WRQHHQGWKHJODVVWXEHZDVFRQQHFWHGYLDDJDVIORZFRQWUROOHUWRDUJRQDQGR[\JHQJDVERWWOHV
$WWKHRWKHUHQGDWKUHHZD\YDOYHFRQQHFWHGWKHJODVVWXEHZLWKWKHYDFXXPSXPS7KHUHZDVD
IUHH FRQQHFWLRQ ZKLFK DOORZHG IORRGLQJ WKH SODVPD FKDPEHU XQGHU GHILQHG FRQGLWLRQV ZLWKRXW
RSHQLQJ WKHFKDPEHU)RU WKHVHH[SHULPHQWV D URXQGERWWRPIODVNZLWKDPRQRPHU VROXWLRQZDV
DWWDFKHGWRWKLVFRQQHFWLRQ

6FKHPH+RPHPDGHSODVPDVHWXSIRUVXUIDFHDFWLYDWLRQDQGPRGLILFDWLRQLQOLTXLGSKDVH
7RLQLWLDWHWKHSODVPDWKHYDFXXPSXPSZDVDWIXOOSRZHUDQGJDVIORZZDVVHWWRVFFPDUJRQ
DQGVFFPR[\JHQWRUHDFKDSUHVVXUHRI3DLQWKHFKDPEHU:LWK:DQGDUDGLRIUHTXHQF\
RI0+]WKHSODVPDFRXOGWKHQEHLJQLWHG$IWHULQLWLDWLQJWKHSODVPDLWZDVSRVVLEOHWRORZHU
WKHSRZHU WRDPLQLPXPRI:7KHSODVPDH[SDQGVV\PPHWULFDOO\ WRERWKVLGHVRI WKHFHQWUDO
HOHFWURGHXSWRWKHRXWHUHOHFWURGHV
(WFKLQJRI3&PHPEUDQHV
,QRUGHUWRH[DPLQHWKHHWFKLQJHIIHFWRIWKHDSSOLHGSODVPDFRQGLWLRQVRQWKH3&PHPEUDQHVRQH
PHPEUDQHZDV SRVLWLRQHG LQ WKH SODVPD FKDPEHUZLWK WKH VKLQ\ VLGH SRLQWLQJ WR WKH JDV SKDVH
:KLOH WKH YDFXXP SXPSZDV DW IXOO SRZHU WKH JDV IORZZDV VHW WR  VFFP DUJRQ DQG  VFFP
R[\JHQ7KHFKDPEHUZDVULQVHGXQGHUWKHVHFRQGLWLRQVIRUWZRKRXUVWRUHPRYHRWKHUJDVHVIURP
WKH FKDPEHU DQG WR VWDELOL]H WKH JDV IORZ ,PPHGLDWHO\ DIWHU LQLWLDWLQJ WKH SODVPD : 
0+] WKHDSSOLHGSRZHUZDVUHGXFHG WR:7KHPHPEUDQHZDVHWFKHG IRUDGHVLJQDWHG WLPH
VSDQ EHWZHHQ RQH DQG IRXU PLQXWHV UHPRYHG IURP WKH FKDPEHU DQG WKHQ DQDO\]HG ZLWKRXW
IXUWKHUWUHDWPHQW

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3UHSDUDWLRQRIPRQRPHUVROXWLRQV
7R UHPRYH LQKLELWRUV +($ DQG +(0$ ZHUH GLVVROYHG LQ ZDWHU DQG ZDVKHG ZLWK KH[DQH
6XEVHTXHQWO\WKHDTXHRXVSKDVHZDVVDWXUDWHGZLWKVRGLXPFKORULGHDQGH[WUDFWHGZLWK(W27KH
RUJDQLFOD\HUVZHUHGULHGRYHU0J62$IWHUUHPRYLQJWKHVROYHQWWKHPRQRPHUZDVGLVWLOOHGXQGHU
UHGXFHGSUHVVXUH ,QKLELWRUVRI0$$DQG00$ZHUHUHPRYHGE\FROXPQFKURPDWRJUDSK\RYHU
DOXPLQXPR[LGH$(0$DQG$0361DZHUHXVHGDVGHOLYHUHG
)RU KRPRSRO\PHUL]DWLRQSRVWPRGLILFDWLRQ ZLWK RFWDQRLF DFLG   P/ RI D  0PHWKDQROLF
VROXWLRQRI WKHPRQRPHUZDVSODFHG LQ WKH URXQGERWWRP IODVN DQG GHJDVHG IRU KRXUE\ DUJRQ
EXEEOLQJ
)RUFRSRO\PHUL]DWLRQDQGKRPRSRO\PHUL]DWLRQSRVWPRGLILFDWLRQZLWK63V$VGHVFULEHGDERYHEXW
PRQRPHUFRQFHQWUDWLRQRIWKHFRPRQRPHUZDVRQO\0)RUFRSRO\PHUL]DWLRQ636363
63 RU 62 ZHUH DGGHG WR WKH PL[WXUH 'LVVROYLQJ RI VSLURS\UDQV DQG VSLURR[D]LQHV ZDV
DFFHOHUDWHGE\DQXOWUDVRQLFEDWK
&RDWLQJRI3&PHPEUDQHVDQG3&ZDIHUV
7ZRPHPEUDQHVZHUH SRVLWLRQHG LQ WKH SODVPD FKDPEHU QH[W WR HDFK RWKHU ZLWK WKH VKLQ\ VLGH
SRLQWLQJ WR WKH JDV SKDVH 7KH FKDPEHU ZDV HYDFXDWHG DQG SXUJHG IRU IRXU KRXUV ZLWK  VFFP
DUJRQDQGVFFPR[\JHQXQWLODFRQVWDQWJDVIORZZDVREWDLQHG$IWHUWKHSODVPDZDVLQLWLDWHGDW
:WKHSRZHUZDVLPPHGLDWHO\UHGXFHGWR:$IWHUPLQXWHVRISODVPDWUHDWPHQWWKHSRZHU
DQG WKHJDVIORZZHUHVZLWFKHGRIIDQG WKHFKDPEHUZDVHYDFXDWHG$IWHUZDUGV WKHFKDPEHUZDV
IORRGHG ZLWK WKH SUHSDUHG PRQRPHU VROXWLRQ DQG VXEVHTXHQWO\ ILOOHG ZLWK DUJRQ 7KH IORRGHG
FKDPEHUZDVWKHQVWRUHGIRUKRXUVDW&LQDFRQGLWLRQHGURRP$IWHUUHPRYDORIWKHOHIWRYHU
PRQRPHUVROXWLRQWKHPHPEUDQHVZHUHZDVKHGZLWKHWKDQRODQGZDWHULQDQXOWUDVRQLFEDWKIRU
PLQXWHV HDFK WR UHPRYH UHVLGXDO PRQRPHUV )LQDOO\ WKH PHPEUDQHV ZHUH GULHG LQ YDFXR RYHU
PROHFXODUVLHYHVIRUDWOHDVWKRXUVEHIRUHEHLQJDQDO\]HG
3RVWPRGLILFDWLRQRIFRDWHG3&PHPEUDQHV
)RU +(0$ FRDWHG PHPEUDQHV $ URXQGERWWRP IODVN ZDV HTXLSSHG ZLWK D VWLUUHU DQG D
SURWHFWLQJJULG7KHIODVNZDVGULHGXQGHUUHGXFHGSUHVVXUHZLWKDKHDWJXQDQGIORRGHGZLWKDUJRQ
63PJPPRO'&&PJPPRO'0$3PJPPRODQGP/7%0(
ZHUHDGGHGWRWKHIODVN7KHFRDWHGPHPEUDQHZDVDGGHGDQGWKHZKROHPL[WXUHZDVJHQWO\VWLUUHG
DWURRPWHPSHUDWXUHIRUKRXUV
)RU$(0$FRDWHGPHPEUDQHV$V GHVFULEHG DERYH EXWZLWKRXW'0$3(LWKHU RFWDQRLF DFLG RU
63ZDVOLQNHGWRWKH$(0$FRDWHGVXUIDFH)RURFWDQRLFDFLGFRXSOLQJ$VGHVFULEHGDERYHEXW
RFWDQRLFDFLGP/PPRODQG'&&JPPROZHUHGLVVROYHGLQP/7%0(
3UHSDUDWLRQRIVLOLFRQZDIHUVDVPRGHOV\VWHPV
6LOLFRQZDIHUVZHUHFOHDQHGZLWK$FHWRQH(WKDQRODQG+H[DQHEHIRUHSODVPD WUHDWPHQW3ODVPD
SDUDPHWHUVDQGPRQRPHUVROXWLRQVZHUH WKHVDPHDV IRU WKH3&0HPEUDQHVPRGLILFDWLRQH[FHSW
WKHSODVPDSRZHUWKDWZDVVHWWR:LQRUGHUWRFUHDWHUHDFWLYHVSHFLHVRQWKH6LVXUIDFH

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3UHSDUDWLRQRI3&ZDIHUVDVPRGHOV\VWHPV
3&ZDIHUVZHUHFRDWHGDVWKH3&PHPEUDQHVZLWK LGHQWLFDOSODVPDDFWLYDWLRQIROORZHGE\VXUIDFH
SRO\PHUL]DWLRQLQP/RIDGHJDVHG0PHWKDQROLFVROXWLRQRIWKHFRUUHVSRQGLQJPRQRPHU
7KHZDIHUVZHUHZDVKHGZLWKHWKDQRODQGZDWHU LQDQXOWUDVRQLFEDWKIRUPLQXWHVHDFK)LQDOO\
WKHPHPEUDQHVZHUHGULHGLQYDFXRRYHUPROHFXODUVLHYHV
3HUPHDELOLW\PHDVXUHPHQWV
$OOPHDVXUHPHQWVZHUHSHUIRUPHGLQD)UDQ]GLIIXVLRQFHOOSXUFKDVHGIURP6(6$QDO\VH6\VWHPH
ZLWKDUHFHSWRUYROXPHRIP/DQGDQRULILFHDUHDRIFP0DVVWUDQVIHUUDWHVRIFDIIHLQH
ZHUHPHDVXUHG XQGHU89 LUUDGLDWLRQ  QP :P DQG DW GD\OLJKW '/ $IWHU ILOOLQJ WKH
UHFHSWRU FKDPEHUZLWKZDWHU P/ WKHPHPEUDQHZDV IL[HG LQ WKHGLIIXVLRQFHOO7KHGRQRU
FKDPEHUZDVFKDUJHGZLWKDFDIIHLQHRUJOXFRVHVROXWLRQP0P/6DPSOHV/ZHUH
FROOHFWHG IURP WKH UHFHSWRU SDUW RI WKH FHOO DIWHU      DQG PLQXWHV 7KH FDIIHLQH
FRQFHQWUDWLRQV RI WKHVH VDPSOHV ZHUH DVVLJQHG E\ PHDVXULQJ LWV 89 DEVRUSWLRQ DW  QP
FDOLEUDWLRQFXUYHFFDII [[PHDVXUHGDEVRUSWLRQ
5HVLVWDQFH5RIDPHPEUDQHZDVFDOFXODWHGDFFRUGLQJWR)LFN·VODZXVLQJWKHIRUPXODܴ ൌ ௱௖ி 
ZKHUHĈF UHSUHVHQWV WKH GLIIHUHQFH RI FDIIHLQH FRQFHQWUDWLRQ FRPSDULQJ WKH GRQRU FRPSDUWPHQW
ZLWKWKHUHFHSWRUSDUWRIWKHXVHGIUDQ]FHOOĈFZDVDVVXPHGWREHFRQVWDQWRYHUWKHWLPHIUDPHRI
WKH PHDVXUHPHQW ) ZDV WKH PROHFXODU IOX[ LQ DPRXQW SHU WLPH SHU DUHD 3HUPHDELOLW\
PHDVXUHPHQWV IRU DOO WUHDWHG PHPEUDQHV ZHUH SHUIRUPHG GLUHFWO\ DIWHU WKH SURGXFWLRQ
1RQUHVSRQVLYHPHPEUDQHVZHUHHLWKHUGULHGLQYDFXRGU\RUGLSSHGLQWRZDWHUZHWIRUDWOHDVW
KRXUV WR SUHFRQGLWLRQ WKH PHPEUDQHV IRU WKH SHUPHDELOLW\ PHDVXUHPHQWV 3KRWRFKURPLF
PHPEUDQHVZHUHVWRUHGDWDPELHQWFRQGLWLRQVXQOHVVVWDWHGRWKHUZLVH
&RQWDFWDQJOHPHDVXUHPHQWV
$OOPHDVXUHPHQWVZHUHSHUIRUPHGRQD.UVV*$PHPEUDQHZDVIL[HGZLWKDVWDQGDUGWDSHRQ
DPHWDO2ULQJ$GURSRIQDQRSXUHZDWHUĨ/ZDVSRVLWLRQHGRQWKDWSDUWRI WKHPHPEUDQH
VXUIDFHZKLFKZDVQRWLQFRQWDFWZLWKWKH2ULQJ)RUWHVWLQJWKHORQJWHUPVWDELOLW\RIWKHVDPSOHV
WKHFRQWDFWDQJOHVZHUHPHDVXUHGDW WKUHHGLIIHUHQWVSRWVRIWKHPHPEUDQHVDIWHU
DQGGD\V)RUPHDVXULQJWKHLPSDFWRIVZLWFKLQJ63RQWKHVXUIDFHWHQVLRQRIWKHPHPEUDQHWKH
&$ZDVPHDVXUHGILUVWDWGD\OLJKW7KHQWKHPHPEUDQHZDVLOOXPLQDWHGZLWK89OLJKWQP
:PIRUPLQXWHDQGWKHFRQWDFWDQJOHZDVPHDVXUHGDJDLQ)RUPHDVXULQJWKHUHSHDWDELOLW\RI
VZLWFKLQJWKHVXUIDFHWHQVLRQWKHPHPEUDQHZDVLOOXPLQDWHGZLWKZKLWHOLJKW:EXOEXQWLOQR
FRORUDWLRQZDVYLVLEOHDQ\PRUHEHIRUHFRQWDFWDQJOHZDVPHDVXUHGDJDLQ7KLVFLUFOHZDVUHSHDWHGDW
OHDVWWKUHHWLPHV7KHPHWKRGDOORZHGPHDVXUHPHQWZLWKDQDFFXUDF\RI
6ROLGVWDWH899LVPHDVXUHPHQWV
$OOPHDVXUHPHQWV ZHUH SHUIRUPHG RQ D /DPEGD  LQ WKH UHIOHFWLRQPRGH89 LOOXPLQDWLRQZDV
DOZD\VDWQPZLWKDQLQWHQVLW\RI:P7KHXQWUHDWHGPHPEUDQH²VWRUHGDWGD\OLJKW²ZDV
XVHGIRUWKHEDVHOLQHPHDVXUHPHQWV$IWHULOOXPLQDWLQJWKHPHPEUDQHIRUPLQXWHZLWK89OLJKW
WKH VSHFWUXP RI WKDW PHPEUDQH ZDV PHDVXUHG DQG WKH PD[LPDO DEVRUEDQFH ZDV GHWHFWHG 7KH
ሺͳሻ

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PHPEUDQHZDVWKHQLOOXPLQDWHGZLWK89OLJKWIRUILYHPRUHPLQXWHV$IWHUZDUGVWKHDEVRUSWLRQDW
WKHDVVLJQHGPD[LPXPZDVPHDVXUHGRYHUDWLPHVSDQRIPLQXWHVWRJHWLQIRUPDWLRQDERXWWKH
ULQJFORVLQJ NLQHWLFV RI WKH VSLURFRPSRXQGV XQGHU GDUN FRQGLWLRQV DW URRP WHPSHUDWXUH
6XEVHTXHQWO\WKHPHPEUDQHZDVLOOXPLQDWHGIRUKRXUVZLWK89OLJKW$IWHU
 DQG PLQXWHV WKH DEVRUSWLRQ DW WKH DVVLJQHGPD[LPXPZDVPHDVXUHG WR JHW LQIRUPDWLRQ
DERXWWKHVSHHGRIGHFRPSRVLWLRQRIWKHVSLURFRPSRXQGVXQGHU89LUUDGLDWLRQ6LQFHIDGLQJDQG
ULQJFORVLQJUHDFWLRQGLGQRWIROORZDVLPSOHUHDFWLRQPHFKDQLVPDOLQHDUILWZDVDSSOLHGDVDURXJK
DSSUR[LPDWLRQ)RUIDGLQJUDWHVWKHPHDVXUHPHQWVRIWKHILUVWPLQXWHVZHUHFRQVLGHUHGIRUWKH
OLQHDUILWWLQJ)RUULQJFORVLQJUDWHVDOOPHDVXUHPHQWVEHWZHHQPLQXWHDQGZHUHFRQVLGHUHG
IRUWKHHVWLPDWLRQRIWKHUHDFWLRQVSHHG
0XOWLDQJOH;36PHDVXUHPHQWV
7KH PHDVXUHPHQWV ZHUH SHUIRUPHG E\ 6X6R6 $* 'EHQGRUI XVLQJ D 3K, 9HUVD3UREH
VSHFWURPHWHU HTXLSSHG ZLWK D  VSKHULFDO FDSDFLWRU HQHUJ\ DQDO\]HU DQG D PXOWLFKDQQHO
GHWHFWLRQV\VWHPZLWKFKDQQHOV$OO VSHFWUDZHUHREWDLQHGDWDEDVHSUHVVXUHRI3DXVLQJD
IRFXVHGVFDQQLQJPRQRFKURPDWLF$O&DVRXUFHH9ZLWKDVSRWVL]HRIĨPVFDQQLQJDQ
DUHDRI[ĨP&KDUJHQHXWUDOL]DWLRQXWLOL]LQJERWKDFRROFDWKRGHHOHFWURQIORRGVRXUFH
H9 DQG YHU\ ORZ HQHUJ\ $U²LRQV  H9 ZDV DSSOLHG WKURXJKRXW WKH DQDO\VLV $OO GDWD ZHUH
DQDO\]HG E\ 6X6R6 $* 'EHQGRUI XVLQJ WKH SURJUDP &DVD;36 $V D UHVXOW WKH PHDVXUHG
DPRXQWVDUHJLYHQDVDSSDUHQWQRUPDOL]HGDWRPLFFRQFHQWUDWLRQDQGWKHDFFXUDF\XQGHUWKHFKRVHQ
FRQGLWLRQLVDSSUR[LPDWHO\
7R)6,06PHDVXUHPHQWV
7KHPHDVXUHPHQWVZHUHSHUIRUPHGRQD7R)6,06IURP,2172)*PE+1HJDWLYHVHFRQGDU\
LRQVDQGHOHPHQWVIURPWRPXZHUHDQDO\]HGLQWKHKLJKPDVVUHVROXWLRQVSHFWUDPRGHGXDO
EHDPPRGH)RUWKHSULPDU\DQDO\VLV%LLRQVNH9ZHUHXVHGDQGDQDUHDRI[P
ZDVDQDO\]HG)RUVSXWWHULQJ&VLRQVDWH9ZHUHXVHGRQDQDUHDRI[P
(OOLSVRPHWU\
%\XVLQJDPXOWLDQJOHHOOLSVRPHWHU(36:V\VWHP$FFXULRQ*|WWLQJHQ*HUPDQ\LWZDVSRVVLEOH
WRPHDVXUHQRWRQO\ WKH WKLFNQHVVHVRI WKH VLOLFRQR[LGH OD\HU DIWHUSODVPD WUHDWPHQW EXW DOVR WR
HVWLPDWHWKHWKLFNQHVVRIWKH+(0$DQGWKH300$FRDWLQJVRQVLOLFRQZDIHUV$OOVDPSOHVZHUH
PHDVXUHG DW OHDVW DW WZR GLIIHUHQW SRVLWLRQV DQG DW HOHYHQ GLIIHUHQW DQJOHV IURP  WR  SHU
SRVLWLRQ)RUHDFKFRDWLQJIRXUGLIIHUHQWVDPSOHVZHUHPHDVXUHGDVDPLQLPXP$OOVDPSOHVZHUH
VWRUHGXQGHUGU\FRQGLWLRQVRYHUPROHFXODUVLHYHIRUDWOHDVWKRXUVEHIRUHEHLQJPHDVXUHG)RU
PHDVXULQJ WKH WKLFNQHVV RI WKH+(0$ FRDWLQJ XQGHU ZHW FRQGLWLRQ WKH VDPSOHV ZHUH VWRUHG LQ
ZDWHUIRUPLQXWHVDQGWKHQDLUGULHG)RUPHDVXULQJWKHFRDWLQJLQLWV0&VWDWHWKHVDPSOHVZHUH
LUUDGLDWHG ZLWK 89 OLJKW  QP  :P IRU  PLQXWH 7KH UHIUDFWLYH LQGH[ RI WKH +(0$
FRDWLQJV ZDV DVVXPHG WR EH  IRU DOO DQJOHV )RU WKH 300$ FRDWLQJ D YDOXH RI  ZDV
DVVXPHG


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$PRXQWRIVSLURS\UDQRQWKHPHPEUDQH
$ FRDWHG 3& PHPEUDQH ZDV GLVVROYHG LQ '&0 7KH 89DEVRUSWLRQ DW  QP ZDV FDXVHG E\
VSLURS\UDQDQGZDV WKHUHIRUHXVHG WRGHWHUPLQH WKHDPRXQWRI VSLURS\UDQ WKDWZDV LQFRUSRUDWHG
GXULQJ WKH PRGLILFDWLRQ RI WKH PHPEUDQH )RU WKH FDOLEUDWLRQ WKH FRUUHVSRQGLQJ VSLURS\UDQ
PRQRPHUZDVGLVVROYHGLQ'&0WRJHWKHUZLWKDQXQWUHDWHG3&PHPEUDQH63DQG63İ 
FP0DQG6363DQG63İ FP0
7ZRSKRWRQPLFURVFRS\
7KHVDPSOHVZHUH IL[HGRQDJODVV VOLGHDQGFRYHUHGZLWKDVHFRQGJODVV VOLGH7RDVVXUH WKDW WKH
PHDVXUHG IOXRUHVFHQFH UHDOO\ RULJLQDWHV IURP VSLURS\UDQ DQ RULJLQDO 3&PHPEUDQH D SODVPD
WUHDWHG3&PHPEUDQH DQG D+(0$FRDWHG3&PHPEUDQHZHUHPHDVXUHG EHIRUH 63FRQWDLQLQJ
3&PHPEUDQHVZHUHDQDO\]HG

 5(68/76$1'',6&866,21
(WFKLQJRI3&0HPEUDQHV
7KH WLPH GHSHQGHQW PDVV ORVV RI SRO\FDUERQDWH PHPEUDQHV  P SRUH GLDPHWHU LQ DQ
DUJRQR[\JHQSODVPDVFFP3D:0+]ZDVPHDVXUHG3ORWWLQJHWFKLQJWLPHV
YHUVXVPDVV ORVVHVRI WKH WUHDWHGPHPEUDQHV VKRZHGD OLQHDUFRUUHODWLRQRI WKHVH WZRSDUDPHWHUV
)LJXUH  7KH VORSH RI WKH VWUDLJKW OLQH LQGLFDWHG DQ HWFKLQJ UDWH RI  J SHU PLQXWH
$VVXPLQJDQLQWHUPHGLDWHPHPEUDQHGHQVLW\RIJFPDQGDPHPEUDQHVXUIDFHRIFPWKH
HWFKUDWHZDVFDOFXODWHGWREHQPPLQ

)LJXUH(WFKUDWHRYHUWLPHRISRO\FDUERQDWHLQDUJRQR[\JHQSODVPDDW:
,QIRUPHUH[SHULPHQWVZLWKSRO\FDUERQDWHSRO\PHUVDQHWFKLQJUDWHRIQPPLQZDVREVHUYHG
XVLQJDSXUHDUJRQGLVFKDUJHDWDSUHVVXUHRI 3DDQGD FRPSDUDEOHSRZHUGHQVLW\7KXV WKH
HQKDQFHGSUHVVXUHDQGWKHDGGLWLRQRIR[\JHQLQFUHDVHWKHHWFKLQJUDWHRISRO\FDUERQDWHGXHWRD
KLJKHUQXPEHURIUHDFWLYHVSHFLHV)LYHPHPEUDQHVZHUHDOOHWFKHGLQGHSHQGHQWO\IRUIRXUPLQXWHV
DW : 7KH DYHUDJH PDVV ORVV ZDV IRXQG WR EH  PJ DIWHU IRXU PLQXWHV RI SODVPD
WUHDWPHQW
6LPLODU H[SHULPHQWV ZHUH SHUIRUPHG ZLWK SRO\HWKHUVXOIRQH 3(6) DQG SRO\YLQ\OLGHQH IOXRULGH
39')PHPEUDQHV 3(6) ORVW LWVPHFKDQLFDO VWDELOLW\ GXH WR WKH SODVPD WUHDWPHQW UHVXOWLQJ LQ
YHU\IUDJLOHPHPEUDQHV39')KDGDKLJKHWFKLQJUDWHPJPLQDW:EXWVKRZHGYHU\ORZ

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FKHPLFDO UHDFWLYLW\ LQ VXEVHTXHQW FRDWLQJ H[SHULPHQWV7KHUHIRUH LW ZDV GHFLGHG WR XVH RQO\ 3&
PHPEUDQHVIRUWKHVXEVHTXHQWH[SHULPHQWV

)LJXUH6(0PLFURJUDSKVRIDXQWUHDWHG3&PHPEUDQHE3&PHPEUDQHDIWHUSODVPDWUHDWPHQWFVLGHYLHZ²
XQWUHDWHG3&PHPEUDQHGVLGHYLHZ²3ODVPDWUHDWHGPHPEUDQH

)LJXUH&RQWDFWDQJOHPHDVXUHPHQWVVKRZLQJWKHORQJWLPHVWDELOLW\RIXQWUHDWHG3&DQGFOHDUDJLQJHIIHFWV
DOUHDG\DIWHURQHGD\IRUSODVPDWUHDWHG3&PHPEUDQHV
6(0PHDVXUHPHQWVRI3&PHPEUDQHVPSRUHGLDPHWHUEHIRUHDQGDIWHUSODVPDWUHDWPHQW
VKRZHG DQ LQFUHDVH LQ WKH DYHUDJHSRUHGLDPHWHU IURPP WR PDQGD
GHFUHDVH LQ WKHPHPEUDQH WKLFNQHVV IURPP WRPFDXVHGE\ WKHSODVPD
WUHDWPHQW)LJXUH
%HVLGHV WKH HWFKLQJ HIIHFW 3&PHPEUDQHV ZHUH DOVR PRUH K\GURSKLOLF DIWHU WKH DUJRQR[\JHQ
SODVPD WUHDWPHQW GXH WR WKH IDFW WKDW UDGLFDOV ZHUH FUHDWHG ZKLFK UHDFW ZLWK R[\JHQ IRUPLQJ
GLIIHUHQWR[\JHQFRQWDLQLQJIXQFWLRQDOLWLHV7KHFKDQJHRIVXUIDFHK\GURSKLOLFLW\DIWHUWKHSODVPD
WUHDWPHQWZDV LQYHVWLJDWHGE\FRQWDFWDQJOHPHDVXUHPHQWVRYHUWLPH$VVKRZQLQ)LJXUHWKLV
K\GURSKLOLFPRGLILFDWLRQ ODFNHG ORQJ WHUP VWDELOLW\(DFK VDPSOHZDVPHDVXUHGDW WKUHHGLIIHUHQW
SRVLWLRQVHDFKWLPH7KHUHZDVQRORFDOGHSHQGHQFHGHWHFWDEOH
&RPPHUFLDODYDLODEOH3&PHPEUDQHVDUHFRDWHGZLWKSRO\YLQ\OS\UUROLGRQH393WRLPSURYHWKHLU
ZHWWDELOLW\SURSHUWLHV7KHFRQWDFWDQJOHRIVXFKD393FRDWHG3&PHPEUDQHZDVIRXQGWREH
'LUHFWO\ DIWHU SODVPD WUHDWPHQW ZLWK R[\JHQ WKH 3& PHPEUDQH ZDV KLJKO\ K\GURSKLOLF ZLWK D
FRQWDFWDQJOHRI'XULQJWKHILUVWZHHNDIWHUWKHWUHDWPHQWWKH3&PHPEUDQHEHFDPHOHVVDQG

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OHVVK\GURSKLOLFXQWLOLWVFRQWDFWDQJOHUHPDLQHGVWDEOHDWDURXQGZKLFKZDVREYLRXVO\PRUHWKDQ
WKHRULJLQDO393FRYHUHG3&PHPEUDQH
7DEOH;36PHDVXUHPHQWVRIXQWUHDWHGDQGSODVPDWUHDWHG3&
PHPEUDQH$OOUHVXOWDUHVKRZQLQ$W
6DPSOH &V 2V 1V
3&RULJLQDO   
3&3ODVPDG   
3&3ODVPDG   
3&FDOF   
;36PHDVXUHPHQWSURYHG WKH UHPRYDORI WKH393OD\HUGXULQJ WKHSODVPD WUHDWPHQW7KH LQLWLDO
QLWURJHQVLJQDOPHDVXUHGIRUWKHXQWUHDWHG3&PHPEUDQHGLVDSSHDUHGDIWHUWKHSODVPDWUHDWPHQW
7DEOH

 
)LJXUH+LJKUHVROXWLRQ&VWUDFHRIDQXQWUHDWHGOHIWDQGDSODVPDWUHDWHGULJKW3&PHPEUDQH7KHSHDNDW
H9FRUUHVSRQGVWRFDUERQDWH7KHJUH\OLQHDQGWKHGDVKHGOLQHVDUHWKHFRUUHVSRQGLQJILWWHGVLJQDOV7KHLQWHQVLW\
RIWKHFDUERQDWHVLJQDOLVORZHURQWKHXQWUHDWHGPHPEUDQHGXHWRD393FRDWLQJZKLFKGLVDSSHDUVGXULQJWKH
SODVPDWUHDWPHQW
$GGLWLRQDOO\ WKH FDUERQDWH SHDN DW  H9 LQFUHDVHV VLJQLILFDQWO\ IURP   UHO IRU KLJK
UHVROXWLRQ & V VLJQDO IRU WKH RULJLQDO 393FRDWHG PHPEUDQH WR  IRU WKH SODVPDWUHDWHG
PHPEUDQH)LJXUH7KHPHDVXUHGR[\JHQFRQWHQWRIDERXWDIWHUWKHSODVPDWUHDWPHQW
UHYHDOHG WKH IRUPDWLRQ RI R[\JHQ IXQFWLRQDOLWLHV RQ WKH PHPEUDQH VXUIDFH 7KH R[\JHQ YDOXH
GHFUHDVHVZLWK WLPHDQG UHDFKHVDIWHUGD\V 7DEOH$GGLWLRQDOO\ WKH DUHD IURP WKH
SHDNDWH9&2UHGXFHV IURPUHOIRUKLJK UHVROXWLRQ&V VLJQDOGLUHFWO\DIWHU
SODVPDWUHDWPHQWWRDIWHUVWRUDJHIRUGD\V
7KHSODVPDLQGXFHGSRODUR[\JHQJURXSVUHVXOWHG LQD VWURQJO\ LPSURYHGZHWWDELOLW\GLUHFWO\DIWHU
WUHDWPHQW*UDGXDOO\ WKH R[\JHQ IXQFWLRQDOLWLHV FDQ EH UHRUJDQL]HG DQG WKXV WXUQ WR WKH LQZDUGV
\LHOGLQJK\GURSKRELFUHFRYHU\DOVRNQRZQDVDJLQJ$VXEVHTXHQWFRDWLQJZLWKSRODUPRQRPHUV
KRZHYHUPLQLPL]HVDJLQJHIIHFWVVHHEHORZ

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1RQUHVSRQVLYHFRDWLQJRI3&0HPEUDQHV
0RUHVWDEOHVXUIDFHVZHUHDFKLHYHGZKHQWKHGHVFULEHGSODVPDWUHDWPHQWZDVRQO\XVHGDVVXUIDFH
DFWLYDWLRQ IROORZHG E\ IUHH UDGLFDO VXUIDFH LQGXFHG SRO\PHUL]DWLRQ WR REWDLQ FRDWLQJV RQ WKH
PHPEUDQHVXUIDFHV)RUWKLVDSSURDFKWKHSODVPDFKDPEHUZDVIORRGHGZLWKDPRQRPHUVROXWLRQ
LPPHGLDWHO\ DIWHU WKH SODVPD WUHDWPHQW 6WDUWLQJ IURP WKH UDGLFDOV WKDW ZHUH FUHDWHG GXULQJ WKH
SODVPDDFWLYDWLRQPROHFXODUFKDLQVVWDUWHGWRJURZDVVKRZQLQ6FKHPH

6FKHPH3&VXUIDFHDFWLYDWLRQE\SODVPDWUHDWPHQWDQGVXEVHTXHQWVXUIDFHPRGLILFDWLRQ

)LJXUH6(0SLFWXUHVRI3&PHPEUDQHVFRDWHGZLWKD+(0$E00$F$0361$G+(0$VLGHYLHZVKRZLQJ
WKDWWKHSRUHVL]HZDVQRWDIIHFWHGE\WKHFRDWLQJ7KHUHIRUHVWHULFHIIHFWVFDQEHQHJOHFWHGZKHQSHUPHDELOLW\
UHVLVWDQFHVRIWKHPHPEUDQHVDUHPHDVXUHG
6(0 SLFWXUHV ZHUH UHFRUGHG IRU DOO FRDWHG PHPEUDQHV 6LQFH WKHUH ZDV QR VLJQLILFDQW FKDQJH
GHWHFWDEOH EHWZHHQ RQO\ SODVPD WUHDWHG PHPEUDQHV DQG FRDWHG PHPEUDQHV +(0$ SRUH
GLDPHWHUPPHPEUDQHWKLFNQHVVP00$SRUHGLDPHWHU
PPHPEUDQHWKLFNQHVVP$0361DSRUHGLDPHWHUPPHPEUDQH
WKLFNQHVV   P UHJDUGLQJ WKH SRUH GLDPHWHU WKH WKLFNQHVV RI WKHPHPEUDQH DQG WKH
VXUIDFHPRUSKRORJ\DYHU\WKLQFRDWLQJZLWKDORZGHJUHHRISRO\PHUL]DWLRQZDVGHGXFHG)LJ
2WKHU WKDQ ZLWK R[\JHQ SODVPD WUHDWPHQW DORQH ORQJ WHUP VWDEOH FRDWLQJV RI GLIIHUHQW
K\GURSKLOLFLWLHVZHUHDFKLHYHGZLWK00$+(0$DQG$0361D)LJXUH7KHODWWHUDOORZHG
JHWWLQJ D K\GURSKLOLF VXUIDFH ZLWK D FRQWDFW DQJOH RI  ZKHUHDV +(0$ FUHDWHG D PRGHVWO\
K\GURSKRELF VXUIDFH ZLWK D FRQWDFW DQJOH RI DURXQG  00$ OHDG WR D VOLJKWO\ KLJKHU
K\GURSKRELFLW\ZLWKDFRQWDFWDQJOHRI)LJXUH&RQWDFWDQJOHPHDVXUHPHQWVDWGLIIHUHQW
SRVLWLRQVRQWKHPHPEUDQHVKRZHGQRORFDOGHSHQGHQFHRIWKHVXUIDFHWHQVLRQ

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
)LJXUH&RQWDFWDQJOHPHDVXUHPHQWVRYHUWLPHRIFRDWHG3&PHPEUDQHVVKRZLQJWKHLPSURYHGORQJWHUP
VWDELOLW\RIFRDWHGPHPEUDQHVFRPSDUHGWRRQO\SODVPDWUHDWHGPHPEUDQHV



)LJXUH&RQWDFWDQJOHRIDQ$0361DFRDWHGOHIWDQGD00$FRDWHGULJKWSRURXV3&PHPEUDQH
;36PHDVXUHPHQWVUHYHDOHGWKDWWKHFDUERQDQGR[\JHQFRQWHQWRIWKH+(0$DQG00$PRGLILHG
PHPEUDQHVZDVDERXWWKHVDPHDVIRUSXUHSRO\FDUERQDWH1HYHUWKHOHVVWKH&VSFDUERQDWHSHDN
DW  H9 GHFUHDVHG DIWHU PRGLILFDWLRQ IURP  WR  +(0$  00$ DQG 
$036UHVSHFWLYHO\7KLVLVDFOHDULQGLFDWLRQRIWKHSUHVHQFHRIDFRDWLQJ7KHIDFWWKDWWKHVLJQDO
DW  H9ZDV VWLOO GHWHFWDEOH DIWHUPRGLILFDWLRQRI WKHPHPEUDQH LQGLFDWHG WKDW WKH FRDWLQJZDV
WKLQQHUWKDQQP7KHQLWURJHQDQGVXOIXUVLJQDOVRQWKH;36VSHFWUXPRIWKH$0361DFRDWHG
PHPEUDQHUHYHDOHGWKHSUHVHQFHRI$0367DEOH
7DEOH;36PHDVXUHPHQWVRIFRDWHG3&PHPEUDQHV$OO
UHVXOWVDUHVKRZQLQ$W
6DPSOH &V 2V 1V 6S
3&FDOF    
3&+(0$    
+(0$FDOF    
3&00$    
00$FDOF    
3&$0361D    
$0361DFDOF    

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0RUHRYHU )7,5 DQG 105PHDVXUHPHQWV ZHUH QRW VHQVLWLYH HQRXJK WR HYLGHQWLDOO\ GHWHFW DQ\
FRDWLQJ3URILORPHWU\ LQGLFDWHGDFRDWLQJ WKLFNQHVVRI OHVV WKDQQP0HDVXULQJ WKHZHLJKWJDLQ
GXULQJ WKH FRDWLQJ SURFHVV ZDV QRW VXFFHVVIXO VLQFH WKH ZHLJKW RI WKH FRDWLQJ WXUQHG RXW WR EH
VPDOOHUWKDQWKHHUURURIWKHSODVPDHWFKLQJSURFHVV
7KH GHVFULEHG PHWKRG RI VXUIDFH LQGXFHG PRGLILFDWLRQ FDQ EH IXUWKHU XVHG WR EULQJ GHVLUHG
IXQFWLRQDOLWLHV RQWR WKH VXUIDFH 7R GHPRQVWUDWH WKLV D 3&PHPEUDQHZDV SODVPD DFWLYDWHG DQG
$(0$FRDWHG DV GHVFULEHG DERYH IRU RWKHU DFU\ODWHV7KH SULPDU\ DPLQR JURXSV RI WKLV$(0$
FRDWLQJ ZHUH WKHQ UHDFWHG ZLWK RFWDQRLF DFLG 2FW DFWLYDWHG ZLWK '&& XQGHU PLOG FRQGLWLRQV
6FKHPH



6FKHPH3RVWPRGLILFDWLRQRI$(0$FRDWHG3&PHPEUDQHV

6(0SLFWXUHVVKRZHGDQDYHUDJHSRUHVL]HRIPZLWKDQDYHUDJHPHPEUDQHWKLFNQHVV
RIPIRUWKH$(0$FRDWHGPHPEUDQHDQGDQDYHUDJHSRUHVL]HRIZLWKDQ
DYHUDJHPHPEUDQHWKLFNQHVVRIPIRUWKHSRVWPRGLILHGPHPEUDQH&RPSDUHGWRRQO\
SODVPD WUHDWHGPHPEUDQHV QR VLJQLILFDQW FKDQJH LQ SRUH VL]H RU WKLFNQHVV ZDV GHWHFWHG )LJXUH

7KLVSRVWPRGLILFDWLRQDOORZHGWUDQVIRUPLQJWKHPRGHVWO\K\GURSKLOLF3&$(0$PHPEUDQHLQWRD
KLJKO\ K\GURSKRELF 3&$(0$2FWPHPEUDQH 7KH $(0$FRDWHG DV ZHOO DV WKH SRVWPRGLILHG
PHPEUDQHZHUHERWKORQJWHUPVWDEOHDVVKRZQLQ)LJXUH$JDLQQRGLIIHUHQFHLQFRQWDFWDQJOH
ZDVREVHUYHGE\PHDVXULQJDWGLIIHUHQWSRVLWLRQV

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
)LJXUH6(0SLFWXUHVRID$(0$FRDWHG3&PHPEUDQHESRVWPRGLILHG$(0$FRDWHGPHPEUDQHFVLGHYLHZRI
$(0$FRDWHGPHPEUDQHGVLGHYLHZRISRVWPRGLILHGPHPEUDQH7KHSRUHVL]HZDVXQDIIHFWHGE\WKHVXUIDFH
PRGLILFDWLRQ

)LJXUH&RQWDFWDQJOHPHDVXUHPHQWVVKRZLQJWKHORQJWHUPVWDELOLW\DQGWKHFKDQJHRIK\GURSKLOLFLW\RI$(0$
FRDWHG3&PHPEUDQHDQGSRVWPRGLILHG$(0$FRDWHG3&PHPEUDQH
;36PHDVXUHPHQWV VKRZHG WKDW WKH$(0$FRDWHGPHPEUDQH KDG D QLWURJHQ FRQWHQW RI DURXQG
 GXH WR WKH SULPDU\ DPLQR JURXSV RI WKH S$(0$ 7KH &VSFDUERQDWH VLJQDO DW  H9
GHFUHDVHGDIWHU$(0$JUDIWLQJIURPWRIRUWKH$(0$FRDWLQJ$JDLQWKHSUHVHQFHRI
WKHFDUERQDWHVLJQDODIWHUJUDIWLQJLQGLFDWHGDWKLQFRDWLQJLQWKHVXEQPUDQJH3RVWPRGLILFDWLRQ
ZLWKRFWDQRLFDFLGORZHUHGWKHDPRXQWRIQLWURJHQRQWKHVXUIDFHWR7DEOHDQGWKHVLJQDO
DWH9ZDVIRXQGWREH
7DEOH;36PHDVXUHPHQWVRI$(0$FRDWHGDQG
SRVWPRGLILHG3&PHPEUDQH$OOUHVXOWVVKRZQLQ$W
6DPSOH &V 2V 1V
3&FDOF   
3&$(0$   
$(0$FDOF   
3&$(0$2FW   
2FWFDOF   

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7R JDLQ PRUH LQIRUPDWLRQ DERXW WKH WKLFNQHVV RI WKH FRDWLQJV VLOLFRQ ZDIHUV ZHUH FRDWHG ZLWK
+(0$ZLWKWKHVDPHSURFHVVXVHG WRFRDWWKH3&PHPEUDQHV+RZHYHULQRUGHUWRDFWLYDWHWKH
VLOLFDWH VXUIDFH DKLJKHUSODVPDSRZHUZDVQHFHVVDU\(OOLSVRPHWU\PHDVXUHPHQWVRI GU\+(0$
FRDWLQJVUHVXOWHG LQDPHGLDQFRDWLQJ WKLFNQHVVRIQPLQWHUTXDUWLOHUDQJHQPWRQP
7KHPHGLDQWKLFNQHVVIRUZHW+(0$FRDWLQJVZDVIRXQGWREHQPLQWHUTXDUWLOHUDQJHQP
WR  QP $OORZLQJ WKH VDPSOH WR VZHOO IRU PRUH WLPH LQ ZDWHU GLG QRW LQFUHDVH WKH FRDWLQJ
WKLFNQHVVDQ\PRUH7KHUHIRUH VZHOOLQJZDVDVVXPHGWREHFRPSOHWHGDIWHUPLQXWHV$PHGLDQ
WKLFNQHVV RI  QP LQWHUTXDUWLOH UDQJH  QP WR  QP ZDV IRXQG IRU WKH 300$ FRDWLQJV
7KHVH FRDWLQJ WKLFNQHVVHVRQ WKH VLOLFRQZDIHUV LQGLFDWH WKDWROLJRPHUV FRQVLVWLQJRI EHWZHHQ WHQ
DQGWZHQW\PRQRPHULFXQLWVZHUHFUHDWHGGXULQJWKHSODVPDLQGXFHGJUDIWVXUIDFHPRGLILFDWLRQ

7DEOH;36PHDVXUHPHQWVRI$(0$FRDWHG3&ZDIHU$OOUHVXOWVVKRZQLQ$W
6DPSOH &V 2V 1V 6LS 6S &OS 1DV &DS
3&SODVPD        
3&$(0$        
3&$(0$        
3&$(0$        
$(0$FDOF        
6LQFH VLOLFRQZDIHUV DUH QRW WKHPRVW DGHTXDWHPRGHO V\VWHP3&ZDIHUVZHUH DFWLYDWHGZLWK WKH
VDPH SODVPD SURFHVV DV WKH 3&PHPEUDQHV 7KH ZDIHUV ZHUH VXEVHTXHQWO\ FRDWHG ZLWK $(0$
UHVSHFWLYHO\ +(0$ XQGHU VLPLODU FRQGLWLRQV DV WKH 3&PHPEUDQHV $QJOH GHSHQGHQW ;36
PHDVXUHPHQWVFDQSURYLGHLQIRUPDWLRQDERXWWKHFRDWLQJWKLFNQHVVLIWKH[UD\EHDPLVDEOHWRSDVV
WKURXJKWKHFRDWLQJIRUVHYHUDODQJOHVWRPHDVXUHFRDWLQJDQGVXEVWUDWHVLPXOWDQHRXVO\7KHDQJOH
GHSHQGHQF\RIVHYHUDOVLJQDOVFDQWKHQEHDQDO\]HGDQGZLWKDQDGHTXDWHPRGHODFRDWLQJWKLFNQHVV
FDQEHFDOFXODWHG&KDQFHV WR VXFFHVVIXOO\ SHUIRUPVXFKPHDVXUHPHQWVDUHJRRG LI WKHFRDWLQJ LV
WKLQQHUWKDQQP)RUWKH$(0$FRDWLQJQRFDUERQDWHVLJQDODWH9ZDVIRXQGQRWHYHQZLWK
DGHWHFWLRQDQJOHZKHUHDVIRURQO\SODVPDWUHDWHG3&ZDIHUVDFOHDUVLJQDOZDVGHWHFWHGIRUDOO
DQJOHV)LJXUHDE7KLVLQGLFDWHVWKDWWKH$(0$FRDWLQJLVWKLFNHUWKDQQP

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
)LJXUH$QJOHGHSHQGDQW;36PHDVXUHPHQWVD&GHWDLOVFDQRIDSODVPDWUHDWHG3&PHPEUDQHE&GHWDLOVFDQ
RID$(0$FRDWHG3&PHPEUDQHF1GHWDLOVFDQRID$(0$FRDWHG3&PHPEUDQHG&OGHWDLOVFDQRID$(0$
FRDWHG3&PHPEUDQH
1HYHUWKHOHVVWKHHOHPHQWDOFRPSRVLWLRQRIWKHFRDWLQJGRHVQRWPDWFKWKHFDOFXODWHGFRPSRVLWLRQ
RISXUH$(0$7DEOH$SRVVLEOHH[SODQDWLRQIRUWKHGLIIHUHQFHLQWKHHOHPHQWDOFRPSRVLWLRQ
LV WKH RFFXUUHQFH RI WUDQVHVWHULILFDWLRQ GXULQJ WKHPRGLILFDWLRQ RI WKHPHPEUDQH$VVXPLQJ WKLV
K\SRWKHVLV WKHVLGHFKDLQVRI$(0$ZHUHUHSODFHGIRUH[DPSOHE\PHWKDQRO7KLVZRXOGH[SODLQ
WKHGHFUHDVHG1VLJQDO
;36PHDVXUHPHQWV VKRZHG WZR VLJQDOV DW DURXQG H97KH VLJQDO DW  H9 FRUUHVSRQGHG WR
IUHHDPLQHZKHUHDVWKHVLJQDODWH9FRUUHVSRQGHGWRSURWRQDWHGDPLQHV7KHDQJOHGHSHQGHQF\
RI WKHVH VLJQDOV VKRZHG WKDWPRUHSURWRQDWHGDPLQHV DUHRQ WKHRXWHUPRVW OD\HUV DQGPRUH IUHH
DPLQHV FDQ EH IRXQG LQ LQQHU OD\HUV RI WKH FRDWLQJ )LJXUH  F 7KHUHIRUH JUDGLHQWV LQ WKH
FRDWLQJUDWKHUWKDQDKRPRJHQRXVFRDWLQJKDYHWREHDVVXPHG6HYHUDOFKHPLFDOO\GLIIHUHQWFKORULGH
VSHFLHVZHUH GHWHFWHG DW DURXQG  H9 )LJXUH  G7KH VLJQDOV DW  H9 DQG EHORZZHUH
DVVXPHG WREH WKHFRXQWHU LRQVRI WKHSURWRQDWHGDPLQHDQGRI LPSXULWLHV7KH VLJQDODWH9
LQGLFDWHGPRVWSUREDEO\WKHSUHVHQFHRI&ERXQGFKORULQH7KLVILQGLQJVXSSRUWVWKHK\SRWKHVLVWKDW
VRPHXQSUHGLFWDEOH UDGLFDO FKHPLVWU\ZDVRFFXUULQJGXULQJ WKHFRDWLQJSURFHVV0HDVXUHPHQWVRI
+(0$FRDWHG3&ZDIHUV VKRZHG WKDW WKHFRDWLQJRI WKLVSRO\PHUZDV WKLQQHU ,WZDVSRVVLEOH WR
GHWHFWDFOHDUFDUERQDWHSHDNDWH9DIWHUWKHFRDWLQJSURFHVV8QIRUWXQDWHO\WKHUHZDVDODUJH
DPRXQWRI6L GHWHFWHGRQ WKHVXUIDFH6LQFH WKHVRXUFHRI WKLV6LVLJQDO UHPDLQHGXQFOHDU
DSSOLFDWLRQVRIDQDGHTXDWHPRGHOIRUWKLVFRDWLQJZDVLPSRVVLEOH$6LVLJQDOZDVDOVRGHWHFWHGRQ

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WKHRQO\SODVPDWUHDWHG3&ZDIHUEXWZDVQRWGHWHFWHGRQ+(0$FRDWHGPHPEUDQHV7KHUHIRUHLW
ZDVDVVXPHGWKDWWKH6LFRQWDLQLQJVSHFLHVZDVDOUHDG\SUHVHQWLQWKHRULJLQDO3&ZDIHU
&RPSDULQJWKHVLJQDOLQWHQVLW\DWH9RID+(0$FRDWHG3&ZDIHUZLWKD+(0$FRDWHG3&
PHPEUDQHLQGLFDWHGWKDWWKHFRDWLQJRQWKHPHPEUDQHZDVHYHQWKLQQHUWKDQWKHRQHRQWKHZDIHU
7KHUHIRUHPHDVXUHPHQWV RI FRDWLQJWKLFNQHVV RQ WKH 3&ZDYHU DOORZHG RQO\ OLPLWHG FRQFOXVLRQV
DERXW WKH FRDWLQJWKLFNQHVV RQ WKH 3&PHPEUDQH1HYHUWKHOHVV LW FDQ EH FRQFOXGHGZLWK D KLJK
SUREDELOLW\WKDWWKH+(0$FRDWLQJWKLFNQHVVRQWKH3&PHPEUDQHZDVEHORZQP
7LPHRIIOLJKW VHFRQGDU\ LRQPDVV VSHFWURPHWU\ 7R)6,06 RI DQ$(0$FRDWHG DQG D SODVPD
HWFKHG PHPEUDQH DOORZHG WKH DVVLJQPHQW RI FKDUDFWHULVWLF PDVVSHDNV IRU WKH FRDWLQJ DQG WKH
SRO\FDUERQDWH%\PHDVXULQJWKHVLJQDO LQWHQVLW\RI WKHVHFKDUDFWHULVWLFSHDNVZKLOH VSXWWHULQJWKH
VDPSOHOD\HUE\OD\HULQIRUPDWLRQDERXWWKHWKLFNQHVVRIWKHFRDWLQJZHUHREWDLQHG$VFDQEHVHHQ
IURP )LJXUH  QR VKDUS LQWHQVLW\ VWHS RI WKH VLJQDOV ZDV GHWHFWHG ZKHQ WKH 3&PDWUL[ ZDV
UHDFKHG7KLVFDQEHFDXVHGE\VHYHUDOUHDVRQV7KHPHPEUDQHLVSRURXV$OOFRDWLQJLQWKHSRUHV
ZLOO EH VSXWWHUHG WRJHWKHU ZLWK 3&PDWUL[ PDWHULDO RQO\ DIWHU UHPRYLQJ RI WKH VXUIDFH FRDWLQJ
7KHUHIRUHDFRQWLQXRXVFKDQJH LQVLJQDO LQWHQVLW\RI WKHFRDWLQJKDVWREHH[SHFWHGUDWKHU WKDQD
VKDUS VWHS $GGLWLRQDOO\ WKH PHPEUDQH VXUIDFH LV QRW FRPSOHWHO\ IODW 6RPH SRVLWLRQV ZHUH
VSXWWHUHG ILUVW ZKLOH RWKHUV ZHUH VSXWWHUHG ODWHU 7KHUHIRUH WKH VSXWWHULQJ DOUHDG\ UHDFKHG WKH
PDWUL[DWVRPHSRVLWLRQZKLOHDWRWKHUSRVLWLRQVWKHVSXWWHULQJVWLOO WRRNSODFH LQWKHFODGGLQJDQG
WKXV DPL[WXUHRI FRDWLQJ DQG3&PDWUL[ZDVPHDVXUHG2WKHUSRVVLEOH H[SODQDWLRQV IRU WKH VORZ
FKDQJHIURPFRDWLQJWRPDWUL[VLJQDODUHDQLQKRPRJHQHRXVFRDWLQJRUDPL[LQJRIFRDWLQJDQG3&
PDWUL[GXULQJWKHFRDWLQJSURFHVV
7RREWDLQTXDQWLWDWLYHLQIRUPDWLRQDERXWWKHFRDWLQJWKLFNQHVVLWLVQHFHVVDU\WRNQRZWKHVSXWWHU
UDWH RI WKH PDWHULDO ,W ZDV WULHG WR GHWHUPLQH WKH GHSWK RI WKH FUHDWHG FUDWHU E\ $)0
PHDVXUHPHQWV WR FDOFXODWH WKH VSXWWHU UDWH 6LQFH WKH FUDWHUVXUIDFH DQG WKH QRQVSXWWHUHG
PHPEUDQH VXUIDFHZHUH YHU\ EXPS\ LWZDVQRWSRVVLEOH WR UHOLDEO\TXDQWLI\ WKH FUDWHU GHSWK7R
REWDLQWKHVSXWWHUUDWHRIS$(0$LWZRXOGEHQHFHVVDU\WRVSXWWHUDVPRRWKOD\HURIS$(0$

)LJXUH7R)6,06PHDVXUHPHQWRIDQ$(0$FRDWHG3&PHPEUDQH


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3HUPHDELOLW\0HDVXUHPHQWVRIQRQUHVSRQVLYHPHPEUDQHV
7KHSHUPHDELOLW\ UHVLVWDQFHRI3&PHPEUDQHVZLWKGLIIHUHQWSRUHGLDPHWHUZDVPHDVXUHGEHIRUH
DQG DIWHU SODVPD WUHDWPHQW 7DEOH  7KHUH ZDV QR FRUUHODWLRQ RI SRUH VL]H WR FDIIHLQH
SHUPHDELOLW\ UHVLVWDQFHGHWHFWHG ,QJHQHUDO FDIIHLQHSHUPHDELOLW\ UHVLVWDQFHZDV VRPHZKDW ORZHU
DIWHUSODVPDWUHDWPHQW
7DEOH3HUPHDELOLW\UHVLVWDQFHRI3&PHPEUDQHV
ZLWKGLIIHUHQWSRUHGLDPHWHUVEHIRUH5RULJDQGDIWHU
5SODVSODVPDWUHDWPHQW
6DPSOH 5RULJVFP 5SODVVFP
3&P  
3&P · ·
3&P · ·
3&QP · ·
3&QP · ·
3&QP · ·
$V VWDWHG LQ WKH LQWURGXFWLRQ VXUIDFH PRGLILFDWLRQV RI SRO\PHULF PDWHULDOV KDYH D VLJQLILFDQW
LQIOXHQFH RQ WKH SURSHUWLHV RI WKH PDWHULDO 7KHUHIRUH WKH LQIOXHQFH RI WKH VXUIDFH RQ WKH
SHUPHDELOLW\ RI WKH PHPEUDQHV ZDV VWXGLHG 7KH SHUPHDELOLW\ RI FDIIHLQH WKURXJK WKH WUHDWHG
PHPEUDQHV ZDV PHDVXUHG DQG WKH SHUPHDELOLW\ UHVLVWDQFH 5 RI HDFK PHPEUDQH ZDV FDOFXODWHG
3HUPHDELOLW\PHDVXUHPHQWVZHUHSHUIRUPHGRQFHZLWKDGU\PHPEUDQHDQGRQFHZLWKDSUHZHWWHG
PHPEUDQH7KHUHZDVDQHYLGHQWLPSDFWRIWKHFRQGLWLRQLQJRIWKHPHPEUDQHV,IWKHPHPEUDQHV
ZHUHVWRUHGLQZDWHUWKHLUSHUPHDELOLW\UHVLVWDQFHGHFUHDVHG7DEOH
7DEOH0HPEUDQHUHVLVWDQFHVIRUFDIIHLQHVROXWLRQLQGU\DQGZHW
VWDWH
6DPSOH 5ZHWVFP 5GU\VFP &$
3&RULJLQDO   
3&3ODVPDG   
3&3ODVPDG  ¶ 
3&$0361D   
3&0$$   
3&+(0$  ¶ 
3&00$ ¶ ¶ 
3&$(0$  ¶ 
3&$(0$2FW  ¶ 
,QDGGLWLRQDWHQGHQF\ZDVREVHUYHGVKRZLQJWKDWPHPEUDQHVZLWKDORZFRQWDFWDQJOHDOVRKDGD
ORZ UHVLVWDQFH IRU FDIIHLQH 7KLV PHDQV WKDW K\GURSKLOLF PHPEUDQHV ZHUH KLJKO\ SHUPHDEOH IRU
FDIIHLQHZKHUHDVK\GURSKRELFPHPEUDQHVKDGDVLJQLILFDQWORZHUSHUPHDELOLW\FRQFHUQLQJFDIIHLQH
)LJXUH

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7KLV WHQGHQF\ DQG WKH IDFW WKDW WKHUH ZDV QR FKDQJH LQ SRUH VL]H IRU WKH GLIIHUHQW PHPEUDQHV
LPSOLHV WKDW WKH PRVW LPSRUWDQW LPSDFW RQ WKH PHPEUDQH UHVLVWDQFH IRU FDIIHLQH LQ DQ DTXHRXV
VROXWLRQLVUDWKHURIHOHFWURVWDWLFQDWXUHEHWZHHQVXUIDFHDQGWKHVROXWHWKDQRIDVWHULFLQWHUDFWLRQ
RI WKH VROXWHZLWK WKHPHPEUDQH7KLV DVVXPSWLRQ LV FRQVROLGDWHG E\ WKH GHFUHDVHG SHUPHDELOLW\
UHVLVWDQFH RI WKH PHPEUDQH LQ ZHW VWDWH ,I VZHOOLQJ ZRXOG KDYH DQ LPSDFW RQ WKH SHUPHDELOLW\
UHVLVWDQFH LWZRXOGEHH[SHFWHG WKDWD FRQWUDULRXV WHQGHQF\ LV REVHUYHG +LJK UHVLVWDQFH IRUZHW
PHPEUDQHVORZUHVLVWDQFHIRUGU\PHPEUDQHV$GGLWLRQDOO\LWLVQRWVXUSULVLQJWKDWVZHOOLQJKDV
QRPDMRU LPSDFW RQ WKHSHUPHDELOLW\ UHVLVWDQFH VLQFH WKHREVHUYHG VZHOOLQJRQ VLOLFRQZDIHUVZDV
DERXWQPZKHUHDV WKHSRUHGLDPHWHUZDVP3URILORPHWULFPHDVXUHPHQWVRIGU\DQGZHW
SRO\FDUERQDWHPHPEUDQHVVKRZHGWKDWWKHXVHGPHPEUDQHVZHUHQRWVZHOOLQJLQZDWHU6LQFHWKH
SRUHGLDPHWHULVDERXWWLPHVODUJHUWKDQWKHPROHFXODUUDGLXVRIFDIIHLQHLWLVVWDWHGWKDWWKH
ZHWWLQJRI WKHSRUHVKDG WKHPRVWSURPLQHQW LPSDFWRQ WKHPHPEUDQH UHVLVWDQFH DVKDV DOUHDG\
EHHQUHSRUWHGIRUVLPLODUV\VWHPV

)LJXUH0HPEUDQHUHVLVWDQFHVIRUFDIIHLQHYHUVXVFRUUHVSRQGLQJFRQWDFWDQJOHVVKRZLQJWZRGRPDLQV2QH
GRPDLQIRUK\GURSKLOLFPHPEUDQHVZLWKD&$ORZHUWKDQDQGDVHFRQGGRPDLQIRUK\GURSKRELFPHPEUDQHVZLWKD
&$RYHU
%DVHG RQ FODVVLFDO WKHRU\ RI FDSLOODULW\PHPEUDQHV ZLWK D FRQWDFW DQJOH ODUJHU WKDQ  UHTXLUH
SUHVVXUHWRSXVKZDWHULQWRWKHSRUHV7KLVHIIHFWFDQEHFOHDUO\VHHQLQ)LJXUH7KHLPSDFWRI
WKH FRQWDFW DQJOH RQ WKH PHPEUDQH SHUPHDELOLW\ UHVLVWDQFH ZDV PXFK KLJKHU IRU K\GURSKRELF
PHPEUDQHVZLWKFRQWDFWDQJOHVODUJHUWKDQ
3RVWPRGLILFDWLRQ7UDQVIRUPLQJQRQUHVSRQVLYHFRDWLQJVLQWROLJKWUHVSRQVLYHFRDWLQJV
)RU WKLV DSSURDFK 3&PHPEUDQHV ZLWK D SRUH GLDPHWHU RI  P ZHUH FRDWHG VLPLODUO\ DV
GHVFULEHGDERYHEXWZLWKD0LQVWHDGRI0PHWKDQROLFPRQRPHUVROXWLRQ,WZDVSRVVLEOH
WRFRYDOHQWO\OLQN63WRWKH+($+(0$DQG$(0$FRDWHGPHPEUDQHVE\FUHDWLQJDQHVWHU
RU DQ DPLGERQG EHWZHHQ WKH IXQFWLRQDO VLGH FKDLQV RI WKH SRO\PHULF FRDWLQJ DQG 63 6FKHPH
 7KLV SRVWPRGLILFDWLRQ 30 WUDQVIRUPHG QRQUHVSRQVLYH PHPEUDQHV LQWR SKRWRFKURPLF
PHPEUDQHV89LUUDGLDWLRQRI WKHPHPEUDQH UHVXOWHG LQDGHHSEOXHFRORUDWLRQRI WKH LUUDGLDWHG
PHPEUDQH)LJXUH

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
)LJXUH3RVWPRGLILHG+(0$FRDWHG3&PHPEUDQH²OHIWDIWHU89LUUDGLDWLRQULJKWDWGD\OLJKW
6(0DQDO\VLVVKRZHGWKDWQHLWKHUSRUHVL]HQRUWKLFNQHVVRI WKHPHPEUDQH LVFKDQJHGGXULQJWKH
SRVWPRGLILFDWLRQ SURFHVV ;36PHDVXUHPHQWV VKRZHG RQO\ YHU\ OLWWOH FKDQJHV FRPSDULQJ
SRVWPRGLILHG PHPEUDQHV ZLWK RQO\ FRDWHG PHPEUDQHV 7KH 1VLJQDO FRUUHVSRQGLQJ WR WKH
VSLURS\UDQ VWUXFWXUH ZDV QRW GHWHFWDEOH )RU WKH $(0$FRDWLQJ WKH DPRXQW RI QLWURJHQ ZDV
ORZHUHG7DEOH,QWHUSUHWDWLRQRIWKH;36YDOXHVKDVWREHPDGHZLWKFDXWLRQVLQFHLWLVPRVW
SUREDEOHWKDWDPL[WXUHRI3&FRDWLQJDQG63ZDVPHDVXUHG6LQFHWKHFKDQJHVDUHYHU\VPDOOQR
WUXVWIXOVWDWHPHQWFDQEHPDGHEDVHGRQWKHVHPHDVXUHPHQWV

6FKHPH3RVWPRGLILFDWLRQRID+(0$FRDWHG3&PHPEUDQHYLDHVWHULILFDWLRQ
7DEOH;36PHDVXUHPHQWVRISRVWPRGLILHG3&PHPEUDQHV
)RUFRPSDULVRQ;36YDOXHVEHIRUHSRVWPRGLILFDWLRQDUH
VKRZQLQLWDOLF$OOUHVXOWVVKRZQLQ$W
6DPSOH &V 2V 1V
3&+(0$63   
3&+(0$   
3&+($63   
3&+($   
3&$(0$63   
3&$(0$   
&RQWDFW DQJOHPHDVXUHPHQWV VKRZHG D GHFUHDVH LQ VXUIDFH WHQVLRQ IRU DOO SKRWRFKURPLF FRDWLQJV
XQGHU89LUUDGLDWLRQFRPSDUHG WR LWV VXUIDFH WHQVLRQDW GD\OLJKW 7DEOH+(0$63ZDV WKH

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OHDVWK\GURSKLOLFFRDWLQJFKDQJLQJ LWV FRQWDFWDQJOHRQO\E\+($63 VKRZHGDQ LQWHUPHGLDWH
FRQWDFWDQJOHRIDQGDFKDQJHRI$(0$63WXUQHGRXWWREHWKHPRVWK\GURSKLOLFFRDWLQJ
ZLWKDFKDQJH LQ FRQWDFWDQJOHRIDERXW7KLV&$VZLWFKLQJFDQEHUHSHDWHG IRUDW OHDVW WKUHH
HQWLUHF\FOHVZLWKUHFRYHULQJWKHLQLWLDOYDOXHVIRUDOOUHSRUWHGFRDWLQJV
7KHDPRXQWRILQFRUSRUDWHG63ZDVGHWHUPLQHGE\899LVDEVRUSWLRQPHDVXUHPHQWDWQP
DIWHUGLVVROYLQJWKHFRDWHG3&PHPEUDQHLQ'&07KHPRVWVSLURS\UDQZDVERXQGWRWKH$(0$
FRDWLQJ+($FRDWLQJ LQFRUSRUDWHG DERXW WKH VDPH DPRXQW RI 63 DV WKH+(0$FRDWLQJ 7KH
GLIIHUHQW DPRXQWV RI 63 IRXQG RQ WKH $(0$FRDWHG PHPEUDQH DQG RQ +(0$FRDWHG
PHPEUDQHVFDQHLWKHUEHH[SODLQHGE\DKLJKHUUHDFWLYLW\RIDPLQHVFRPSDUHGWRDOFRKROVRUE\WKH
SUHVHQFHRIPRUH IXQFWLRQDO JURXSVRQ WKH VXUIDFHRI WKH$(0$FRDWHGPHPEUDQH7KH VHFRQG
H[SODQDWLRQLV VXSSRUWHGE\WKHDQJOHGHSHQGHQW;36PHDVXUHPHQWVGLVFXVVHGDERYHWKDWVKRZHG
WKDW$(0$FRDWLQJVDUHWKLFNHUWKDQ+(0$FRDWLQJV
7DEOH5HVLVWDQFHWRZDUGVFDIIHLQHFRQWDFWDQJOHVVSLURS\UDQFRQWHQWDQGǋPD[RI
SRVWPRGLILHG3&PHPEUDQHV0HPEUDQHVKDGEHHQGULHGRYHUPROHFXODUVLHYHVEHIRUH
SHUPHDELOLW\PHDVXUHPHQWVZHUHSHUIRUPHG
&RDWLQJ 5'/
VFP
589
VFP
&$'/ &$89

63RQ0HP
ZW
ǋPD[QP
+(0$63 ·· ·    
+($63 · ·    
$(0$63 · ·    
)RU DOO FRDWLQJV WKH FDIIHLQH SHUPHDELOLW\ UHVLVWDQFH ZDV ORZHU XQGHU 89LUUDGLDWLRQ WKDQ DW
GD\OLJKW7DEOH	)LJXUH7KHELJJHVWVZLWFKLQJSRWHQWLDOFRQFHUQLQJFDIIHLQHSHUPHDELOLW\
UHVLVWDQFH ZDV IRXQG IRU WKH +(0$FRDWLQJ 3RVWPRGLILFDWLRQ RI WKH +($FRDWLQJ SURYLGHG D
VRPHZKDW VPDOOHU EXW VWLOO HYLGHQW FKDQJH LQ FDIIHLQH SHUPHDELOLW\ UHVLVWDQFH DV ZHOO
3RVWPRGLILFDWLRQ RI WKH $(0$FRDWLQJ UHVXOWHG LQ D SKRWRFKURPLF PHPEUDQH EXW WKH FDIIHLQH
SHUPHDELOLW\UHVLVWDQFHFKDQJHGRQO\OLWWOHDQGDUHYHUVHGVZLWFKZDVREWDLQHG

)LJXUH&DIIHLQHSHUPHDELOLW\RID+($FRDWHGSRVWPRGLILHG3&PHPEUDQHDWGD\OLJKWDQGXQGHU89LUUDGLDWLRQ
7ZRSKRWRQPLFURVFRS\DOORZHGWKHORFDOL]DWLRQRIVSLURS\UDQLQDQGRQWKHSRURXVPHPEUDQHV$
+(0$FRDWHG3&PHPEUDQHGLGQRW VKRZDQ\ IOXRUHVFHQFHDWQPDQGQP)LJXUH
D6LQFHWKHUHGIOXRUHVFHQFHZDVQRWRQO\PHDVXUHGRQWKHVXUIDFHRIWKHPHPEUDQH)LJXUH
EEXWDOVRDWWKHLQQHUIDFH)LJXUHFGLWFDQEHFRQFOXGHGWKDWVSLURS\UDQUHDFWHGQRW

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RQO\RQWKHRXWVLGHRIWKHPHPEUDQHEXWDOVRRQWKHSRUHZDOOV$QLQFUHDVHGIOXRUHVFHQFHLQWKH
SRUHV FDQEH VHHQFRPSDUHG WR WKH3&PDWUL[ )LJXUHFG7KLV LV D FOHDU LQGLFDWLRQRI
JUDIWHGVSLURS\UDQRQWKHLQQHUVXUIDFHRIWKHSRUHV7KHGHHSHULQWKHPHPEUDQHWKHIRFXVSODQH
ZDVFKRVHQWKHOHVVSRUHVZHUHFOHDUO\YLVLEOH7KLVLVGXHWROLJKWVFDWWHULQJLQWKH3&PDWUL[ZKLFK
OHDGVWRXQIRFXVHGLPDJHV

)LJXUH7ZRSKRWRQPLFURVFRS\SLFWXUHVRIDD+(0$FRDWHG3&PHPEUDQHDSRVWPRGLILHG+(0$FRDWHG3&
PHPEUDQHEDWWKHVXUIDFHRIWKHPHPEUDQHFPEHORZWKHVXUIDFHGPEHORZWKHVXUIDFH
&RSRO\PHUL]DWLRQ
$RQHVWHSDSSURDFK IRU WKHSURGXFWLRQRISKRWRFKURPLFPHPEUDQHVZDVVXFFHVVIXOO\GHYHORSHG
,QVWHDGRI FUHDWLQJ DQRQUHVSRQVLYH FRDWLQJ IROORZHG E\ DSRVWPRGLILFDWLRQ WR FRYDOHQWO\ OLQN WKH
SKRWRFKURPLFPROHFXOHVSLURS\UDQZDVWUDQVIRUPHGLQWRDPRQRPHUDQGUDQGRPO\FRSRO\PHUL]HG
ZLWK WKH PDLQ FRDWLQJ PRQRPHU LQ D JUDIWLQJIURPSURFHVV LQ D VLQJOH VWHS 6FKHPH  89
LUUDGLDWLRQDIWHUWKHRQHVWHSFRDWLQJSURFHVVLQGXFHGDJDLQDGHHSEOXHFRORUDWLRQRIWKHLUUDGLDWHG
PHPEUDQH)LJXUH

)LJXUH&RSRO\PHUL]HG+(0$FRDWHG3&PHPEUDQH²OHIWDWGD\OLJKWULJKWXQGHU89LUUDGLDWLRQ

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)RUDOOVDPSOHVWKHPHDVXUHGFDIIHLQHSHUPHDELOLW\UHVLVWDQFHZDVORZHUXQGHU89LUUDGLDWLRQWKDQ
DW GD\OLJKW 7DEOH  	 )LJXUH  6ZLWFKLQJ SRWHQWLDO ZDV KLJKHU LI PRQRPHULF 63 ZDV
FRSRO\PHUL]HG HLWKHU ZLWK +(0$ RU +($ WKDQ LI 63 ZDV SRO\PHUL]HG DORQH ,QGHHG
KRPRSRO\PHUL]DWLRQRI63LQFRUSRUDWHGWKHKLJKHVWDPRXQWRI63RQWKHPHPEUDQHEXWFDIIHLQH
SHUPHDELOLW\ UHVLVWDQFH ZDV RQO\ ORZHUHG E\  XQGHU89LUUDGLDWLRQ &RSRO\PHUL]LQJ+(0$
ZLWK63UHVXOWHGLQDSHUPHDELOLW\UHVLVWDQFHGHFUHDVHRI7DEOH

6FKHPH&RSRO\PHUL]DWLRQRI+(0$DQG63RQDSODVPDDFWLYDWHG3&VXUIDFH



)LJXUH&DIIHLQHSHUPHDELOLW\RID+($FRDWHGFRSRO\PHUL]HG3&PHPEUDQHDWGD\OLJKWDQGXQGHU89
LUUDGLDWLRQ




3/$60$,1'8&('&2$7,1*2)32528632/<&$5%21$7(0(0%5$1(6
7DEOH5HVLVWDQFHWRZDUGVFDIIHLQHFRQWDFWDQJOHVVSLURS\UDQFRQWHQWDQGǋPD[RIFRSRO\PHUL]HG3&
PHPEUDQHV0HPEUDQHVKDGEHHQGULHGRYHUPROHFXODUVLHYHVEHIRUHSHUPHDELOLW\PHDVXUHPHQWVZHUH
SHUIRUPHG
*UDIWHG
PRQRPHUV
63LQ5[Q
P0
5'/
VFP
589
VFP
&$'/

&$89

63RQ0HP
Z
ǋPD[
QP
3&RULJLQDO  · ·    
+(0$63  ·· ·    
+($63  ·· ·    
63  · ·    
0HDVXULQJWKHVXUIDFHWHQVLRQDWGD\OLJKWDQGXQGHU89LUUDGLDWLRQSURYLGHVLQIRUPDWLRQDERXWWKH
K\GURSKLOLFLW\RI DPDWHULDO&RQWDFW DQJOHPHDVXUHPHQWV VKRZHG WKDW WKH VXUIDFH WHQVLRQFDQEH
LQIOXHQFHG E\ VZLWFKLQJ VSLURS\UDQ IURPRQH WR LWV RWKHU VWDWH 7DEOH 7KLV VZLWFKLQJ FDQ EH
UHSHDWHGIRUDWOHDVWWKUHHHQWLUHF\FOHVZLWKUHFRYHULQJWKHLQLWLDOYDOXHV)LJXUH

)LJXUH5HYHUVLELOLW\RIWKHVXUIDFHWHQVLRQVZLWFKRIWKHFRSRO\PHUL]HG+(0$63FRDWHG3&PHPEUDQH

6LQFHWKH+(0$63FRDWLQJVKRZHGWKHELJJHVWFKDQJHLQSHUPHDELOLW\UHVLVWDQFHWKLVFRDWLQJZDV
FKRVHQ IRU WKH IROORZLQJ LQYHVWLJDWLRQ 7KH FRDWLQJ SURFHVV UHPDLQHG XQFKDQJHG H[FHSW IRU WKH
DPRXQWRI637KHLPSDFWRIFKDQJLQJWKHDPRXQWRI63ZDVIRXQGWREHUDWKHUVPDOO7KHEHVW
UHVXOW FRQFHUQLQJFKDQJHRISHUPHDELOLW\ UHVLVWDQFHZDVDFKLHYHG IRUD FRQFHQWUDWLRQRIP0
637DEOH5HSRUWHGYDOXHVIRU5'/ZHUHPXFKODUJHULQ7DEOHWKDQLQ7DEOHHYHQIRU
VLPLODU SURGXFHG PHPEUDQHV 7KLV GLIIHUHQFH UHVXOWHG IURP XQHTXDO SUHFRQGLWLRQLQJ RI WKH
PHPEUDQHV0HPEUDQHV UHSRUWHG LQ 7DEOH  ZHUH GULHG LQ D GHVLFFDWRU RYHU PROHFXODU VLHYHV
EHIRUHPHDVXULQJ WKHLUSHUPHDELOLW\ UHVLVWDQFHVZKHUHDVPHPEUDQHV UHSRUWHG LQ7DEOHZHUH
VWRUHG DW DPELHQW KXPLGLW\ 3UHFRQGLWLRQLQJ RI D PHPEUDQH KDV D ELJ LPSDFW QRW RQO\ RQ WKH
SHUPHDELOLW\ UHVLVWDQFH EXW DOVR RQ WKH VZLWFKLQJ SRWHQWLDO RI WKH SKRWRFKURPLFPHPEUDQHV ,I D
PHPEUDQH LVHQWLUHO\GULHGEHIRUHSHUPHDELOLW\PHDVXUHPHQWV5'/ LVPXFKKLJKHUDQG WKHUHIRUH
WKHRYHUDOOVZLWFKLQJSRWHQWLDORIWKHPHPEUDQHDSSHDUVWREHODUJHU7KHUHIRUHSUHFRQGLWLRQLQJLV
HVVHQWLDOIRUSURSHUFRPSDULVRQRIGLIIHUHQWPHPEUDQHV

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7DEOH5HVLVWDQFHWRZDUGVFDIIHLQHFRQWDFWDQJOHVVSLURS\UDQFRQWHQWDQGǋPD[RI3&PHPEUDQHV
+(0$FRDWLQJFRSRO\PHUL]HGZLWKGLIIHUHQWDPRXQWVRI63
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7KHDPRXQWRI LQFRUSRUDWHGVSLURS\UDQ LVFRUUHODWHG WR WKHVZLWFKLQJSRWHQWLDORI WKHPHPEUDQH
0RUHLQFRUSRUDWHGVSLURS\UDQUHVXOWHGLQDKLJKHUVZLWFKLQJSRWHQWLDO8QH[SHFWHGO\WKHDPRXQWRI
LQFRUSRUDWHGVSLURS\UDQLVQRWFRUUHODWHGWRWKHFRQFHQWUDWLRQRIVSLURS\UDQLQWKHUHDFWLRQPL[WXUH
$VH[SHFWHGWKHVXUIDFHWHQVLRQZDVORZHUXQGHU89LUUDGLDWLRQWKDQDWGD\OLJKW&RUUHODWLQJWKH
FKDQJHLQFRQWDFWDQJOHZLWKWKHFKDQJH LQSHUPHDELOLW\UHVLVWDQFHZDVQRWSRVVLEOHIRUWKLVVHWRI
PHPEUDQHV 7KLV LQGLFDWHV WKDW WKHUH DUH DOVR UHOHYDQW LQWHUDFWLRQV LQ WKH SRUHV WKDW FDQQRW EH
MXGJHGE\VXUIDFHFRQWDFWDQJOHPHDVXUHPHQWV
)RUWKHQH[WLQYHVWLJDWLRQVWHSWKHDPRXQWRIVSLURS\UDQDQGFRPRQRPHUUHPDLQHGXQFKDQJHGEXW
WKHLPSDFWRIWKHOLQNHUOHQJWKRQPHPEUDQHSURSHUWLHVZDVFRPSDUHG)LJXUH

)LJXUH7KHLPSDFWRI63ZLWKDVKRUWDQG63ZLWKDORQJOLQNHURQWKHPHPEUDQHSURSHUWLHVZHUH
LQYHVWLJDWHG
)RUWKHFRSRO\PHUL]DWLRQZLWK+($WKHDFU\OLFGHULYDWLYHRIWKHFRUUHVSRQGLQJVSLURS\UDQZDVXVHG
ZKHUHDVIRUDSSURDFKHVZLWK+(0$WKHPHWKDFU\OLFGHULYDWLYHZDVFRSRO\PHUL]HG,WFDQEHVHHQ
IURP7DEOH WKDWXVLQJ WKH ORQJHU OLQNHU 63DQG63 UHVXOWHG LQDQ LQFUHDVHGDPRXQWRI
LQFRUSRUDWHG VSLURS\UDQ $ ORQJ OLQNHU DOORZV VSLURS\UDQ WR EH UDWKHU IDU DZD\ IURP LWV UHDFWLYH
DFU\OLFXQLW7KLVORZHUVWKHVWHULFKLQGUDQFHRIWKHPRQRPHUDQGH[SODLQVWKHHDVLHULQFRUSRUDWLRQ
RI VSLURS\UDQVZLWK ORQJ OLQNHUV LQWRSRO\PHUV1HYHUWKHOHVV+($ LQFRPELQDWLRQZLWK WKH VKRUW
OLQNHG63UHVXOWHGLQWKHELJJHVWFKDQJHLQSHUPHDELOLW\UHVLVWDQFHIROORZHGE\WKH+(0$FRDWLQJ
ZLWK VKRUWOLQNHG 637KH LPSDFWRI VSLURS\UDQ RQ WKHSHUPHDELOLW\ UHVLVWDQFHRI WKHPHPEUDQH
VHHPVWRGHFUHDVHZLWKLQFUHDVLQJOLQNHUOHQJWK/RZHUVXUIDFHWHQVLRQZDVPHDVXUHGIRUDOOVDPSOHV
XQGHU 89LUUDGLDWLRQ WKDQ DW GD\OLJKW %XW LW ZDV DJDLQ LPSRVVLEOH WR FRUUHODWH FKDQJHV LQ
SHUPHDELOLW\UHVLVWDQFHZLWKFRQWDFWDQJOHFKDQJHV

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7DEOH5HVLVWDQFHWRZDUGVFDIIHLQHFRQWDFWDQJOHVVSLURS\UDQFRQWHQWDQGǋPD[RI3&PHPEUDQHV+($
DQG+(0$FRDWLQJZLWKWZRGLIIHUHQW63V
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7KH IROORZLQJ LQYHVWLJDWLRQ IRFXVHG RQ WKH LPSDFW RI GLIIHUHQW FRPRQRPHUV RQ WKH PHPEUDQH
SURSHUWLHV &RSRO\PHUL]LQJ PHWK\O PHWKDFU\ODWH 00$ ZLWK 63 UHVXOWHG LQ D SKRWRFKURPLF
PHPEUDQHFRORUFKDQJHEXWLQQRFKDQJHRISHUPHDELOLW\UHVLVWDQFH/RZIUHHYROXPHFDXVHGE\
KLJK ULJLGLW\ RI D SRO\PHU LV D FRPPRQ H[SODQDWLRQ LQ OLWHUDWXUH LI RQO\ OLWWOH VZLWFKLQJ RI
SKRWRFKURPLFPROHFXOHVRFFXUV7KHKLJKULJLGLW\RIS00$FRPSDUHGWRS+(0$RUS+($FDQ
DOVR EH DQ H[SODQDWLRQ IRU WKH QRQH[LVWLQJ FKDQJH LQ SHUPHDELOLW\ UHVLVWDQFH LQ WKLV FDVH8VLQJ
$(0$DVFRSRO\PHUUHVXOWHGLQDPHPEUDQHZLWKRQO\YHU\OLWWOHFKDQJHLQSHUPHDELOLW\UHVLVWDQFH
(UURU PDUJLQV VKRZ WKDW WKLV FKDQJH LV QRW HYHQ VLJQLILFDQW  +LJKHVW VZLWFKLQJ SRWHQWLDO ZDV
SURYLGHGE\FRSRO\PHUL]DWLRQRI+($ZLWK63$VEHIRUHQRFRUUHODWLRQRISHUPHDELOLW\UHVLVWDQFH
DQGFRQWDFWDQJOHZDVIRXQG7DEOH
7DEOH5HVLVWDQFHWRZDUGVFDIIHLQHFRQWDFWDQJOHVVSLURS\UDQFRQWHQWDQGǋPD[RI3&PHPEUDQHV
ZLWKGLIIHUHQWFRDWLQJVFRSRO\PHUL]HGZLWKVSLURS\UDQ
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1RWRQO\ VSLURS\UDQVEXWDOVR 62ZDV FRSRO\PHUL]HGZLWK+(0$7KH UHVXOWLQJSKRWRFKURPLF
PHPEUDQH VKRZHG D VOLJKWO\ KLJKHU VZLWFKLQJ SRWHQWLDO FRQFHUQLQJ WKH FDIIHLQH SHUPHDELOLW\
UHVLVWDQFHFRPSDUHGWRLWVVSLURS\UDQDQDORJRQ637DEOH7KHLQFRUSRUDWHGDPRXQWRIVSLUR
FRPSRXQGV ZDV YHU\ VLPLODU &RSRO\PHUL]DWLRQ RI 62 UHVXOWHG LQ D ORZHU VXUIDFH WHQVLRQ DW
GD\OLJKWDVZHOODVXQGHU89LUUDGLDWLRQLQGLFDWLQJWKDW62LVPRUHK\GURSKLOLFWKDQ63
7DEOH5HVLVWDQFHWRZDUGVFDIIHLQHFRQWDFWDQJOHVVSLURS\UDQFRQWHQWDQGǋPD[RIWZRSKRWRFKURPLF
+(0$FRDWHG3&PHPEUDQHV+(0$ZDVFRSRO\PHUL]HGZLWK63RU62
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1R ;36PHDVXUHPHQW VKRZHG WKH HOHPHQWDO FRPSRVLWLRQ WKDW ZDV FDOFXODWHG IRU SXUH FRDWLQJ
PDWHULDOV 7KLV LQGLFDWHV WKDW WKH FRDWLQJ ZDV HLWKHU WKLQQHU WKDQ  QP RU LQKRPRJHQHRXV $
GHSHQGHQFHRIWKHOLQNHUOHQJWKRIVSLURS\UDQRQWKHHOHPHQWDOFRPSRVLWLRQZDVIRXQG7DEOH
,I VSLURS\UDQZLWK D ORQJ OLQNHU 63ZDV FRSRO\PHUL]HG DKLJKHU FRQWHQW RI2 DQGD ORZHU
FRQWHQWRI&ZHUHGHWHFWHG7KHGLIIHUHQWHOHPHQWDOFRPSRVLWLRQRIWKHVXUIDFHFRXOGEHFDXVHGE\
GLIIHUHQWFRDWLQJWKLFNQHVVHV7KHORQJHUOLQNHUDOORZHGWKHVSLURS\UDQEDFNERQHWREHIXUWKHUDZD\
IURP WKH JURZLQJ SRO\PHUEDFNERQH 7KLV UHGXFHG WKH VWHULF KLQGUDQFH DQG UHVXOWHG SUREDEO\ LQ
WKLFNHUFRDWLQJV$VIRUWKHSRVWPRGLILHGFRDWLQJVLWLVDVVXPHGWKDWWKH;36VLJQDOVUHVXOWHGIURPD
PL[WXUHRI3&FRSRO\PHUDQGVSLURS\UDQ7KLVPDGHLWLPSRVVLEOHWRFDUYHRXWFRQFOXVLYHUHVXOWVRU
HYLGHQWWUHQGVIURP;36PHDVXUHPHQWV
7DEOH;36PHDVXUHPHQWVRIGLIIHUHQWFRDWHG
3&PHPEUDQHV$OOPHPEUDQHVDUHPRGLILHGLQD
FRSRO\PHUL]DWLRQSURFHVV$OOUHVXOWVVKRZQLQ$W
6DPSOH &V 2V 1V
3&FDOF   
+(0$63   
+(0$63   
+(0$FDOF   
+($63   
+($63   
+($FDOF   
$(0$63   
$(0$FDOF   
00$63   
00$FDOF   
6(0SLFWXUHVVKRZHGWKDWWKHSODVPDSURFHVVFDXVHGDQLQFUHDVHLQSRUHGLDPHWHUDQGDGHFUHDVH
LQ PHPEUDQH WKLFNQHVV FRPSDUHG WR DQ RULJLQDO 3&PHPEUDQH $V EHIRUH )7,5 DQG 105
PHDVXUHPHQWV GLG QRW SURYLGH DQ\ LQWHUHVWLQJ GDWD &RPELQLQJ WKH ILQGLQJV IURP DOO DQDO\WLFDO
PHDVXUHPHQWV ZLWK WKH IDFW WKDW VSLURS\UDQ LV NQRZQ WR PRUH OLNHO\ KLQGHU WKDQ SURPRWH
SRO\PHUL]DWLRQSURFHVVHV OHDGV WR WKHFRQFOXVLRQ WKDW WKHGHYHORSHGSKRWRFKURPLF FRDWLQJVZHUH
WKLQQHUWKDQQP
6ROLGVWDWH899LVPHDVXUHPHQWV
7R REWDLQ TXDOLWDWLYH LQIRUPDWLRQ DERXW WKH VWDELOLW\ RI WKH GLIIHUHQW SKRWRFKURPLF FRDWLQJV WKH
DEVRUSWLRQV RI SKRWRFKURPLF PHPEUDQHV ZDV PHDVXUHG DIWHU GLIIHUHQW WLPHVSDQV XQGHU 89
LUUDGLDWLRQ$GGLWLRQDOO\ULQJFORVLQJNLQHWLFVXQGHUGDUNFRQGLWLRQVZDVPHDVXUHGIRUWKHGLIIHUHQW
FRDWLQJV$VORZULQJFORVLQJNLQHWLFVDOORZVXVLQJDSXOVHGLQVWHDGRIDSHUPDQHQW89LUUDGLDWLRQWR
NHHS VSLURFRPSRXQGV LQ WKHLU0&VWDWH8VLQJ D SXOVHG89LUUDGLDWLRQZRXOG ORZHU WKH RYHUDOO
LUUDGLDWLRQ GRVH WKDW UHDFKHV WKH PHPEUDQH ZKLFK OHDGV WR OHVV IDGLQJ RI WKH SKRWRFKURPLF
VXEVWDQFH7KHUHIRUHOHVV89LUUDGLDWLRQZRXOGH[WHQGWKHRSHUDWLQJWLPHRIWKHPHPEUDQHV

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
)LJXUH)DGLQJUDWHPHDVXUHPHQWOHIWDQGULQJFORVLQJUHDFWLRQNLQHWLFVPHDVXUHPHQWXQGHUGDUNFRQGLWLRQV
ULJKWRIDSRVWPRGLILHG+($63FRDWHG3&PHPEUDQH5HIOHFWLRQ5LQRIWKHPHPEUDQHDWǋPD[VHH7DEOH
ZDVPHDVXUHGRYHUWLPH
$V VKRZQ LQ )LJXUHV  DQG  WKH SRVWPRGLILHGPHPEUDQHV ZHUHPRUH VWDEOH DQG VKRZHG
VORZHUULQJFORVLQJNLQHWLFVFRPSDUHG WR WKHFRSRO\PHUL]HGPHPEUDQHV&RPSDULQJ WKH VKDSHVRI
WKH VWDELOLW\ PHDVXUHPHQWV FXUYHV VKRZHG D IXQGDPHQWDO GLIIHUHQFH IURP SRVWPRGLILHG WR
FRSRO\PHUL]HG PHPEUDQHV :KHUHDV WKH SRVWPRGLILHG VDPSOH VKRZHG D VORZ IDGLQJ UDWH DW WKH
EHJLQQLQJ DQG DQ LQFUHDVH RYHU WLPH )LJXUH  WKH FRSRO\PHUL]HG VDPSOH VKRZHG D KLJKHU
FRQVWDQWIDGLQJUDWHDWWKHEHJLQQLQJZLWKDGHFUHDVHWRZDUGVWKHHQGRIWKHPHDVXUHPHQW)LJXUH


)LJXUH)DGLQJUDWHPHDVXUHPHQWOHIWDQGULQJFORVLQJUHDFWLRQNLQHWLFVPHDVXUHPHQWXQGHUGDUNFRQGLWLRQV
ULJKWRIDFRSRO\PHUL]HG+($63FRDWHG3&PHPEUDQH5HIOHFWLRQ5LQRIWKHPHPEUDQHDWǋPD[VHH7DEOH
ZDVPHDVXUHGRYHUWLPH
6LQFH IDGLQJ DQG ULQJ FORVLQJ UHDFWLRQ GR QRW IROORZ D NQRZQ UHDFWLRQPHFKDQLVP DQGPHDVXUHG
FXUYHVDUHGLIIHUHQW IRUHDFKVDPSOH LWZDVQRWSRVVLEOH WRDSSO\DQDSSURSULDWHPRGHO WRH[DFWO\
TXDQWLI\WKHSURFHVVHV7RTXDOLWDWLYHO\FRPSDUHWKHGLIIHUHQWPHPEUDQHVD OLQHDUILWZDVDSSOLHG
DVVXPLQJ]HURRUGHUNLQHWLFVDVDURXJKDSSUR[LPDWLRQ)RUIDGLQJUDWHVWKHPHDVXUHPHQWVRIWKH
ILUVWPLQXWHVZHUHFRQVLGHUHG7KHVORSHVRIDOO OLQHDU ILWVDUHVXPPDUL]HG LQ7DEOH+LJK
IDGLQJUDWHVLQGLFDWHVIDVWGHFRPSRVLWLRQRIWKHVSLURFRPSRXQGRQWKHPHPEUDQH/DUJHVORSHVIRU
ULQJFORVLQJNLQHWLFVLQGLFDWHPHPEUDQHVZKHUHVSLURFRPSRXQGVXQGHUJRIDVWULQJFORVLQJUHDFWLRQ

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7DEOH.LQHWLFVRIULQJFORVXUHUHDFWLRQVWDELOLW\RI6362XQGHU89
LUUDGLDWLRQDQGǋPD[IRUSODVPDFRDWHGSKRWRFKURPLFPHPEUDQHV$OO
FRSRO\PHUL]HGPHPEUDQHVZHUHSURGXFHGZLWKP063LQWKHUHDFWLRQ
PL[WXUH
0HPEUDQH )DGLQJUDWH©5PLQ
5LQJFORVLQJNLQHWLFV
©5PLQ
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
&3+($63   
&3+($63   
&3$(0$63   
&300$63   
&3+(0$62   
7KHUHZHUHQRHYLGHQWGLIIHUHQFHV LQ IDGLQJUDWHVEHWZHHQ WKH WZRGLIIHUHQW OLQNHU OHQJWKV63
DQG 63 DQG EHWZHHQ +(0$ DQG +($FRDWLQJ FRPSDULQJ WKH FRSRO\PHUL]HG VDPSOHV
&RQVLGHULQJSRVWPRGLILHGPHPEUDQHVWKH+($FRDWHGVDPSOHVKRZHGDIDVWHUULQJFORVLQJNLQHWLFV
WKDQWKH+(0$FRDWHGPHPEUDQH62KDG²FRPSDUHGWR63²DVOLJKWO\KLJKHUVWDELOLW\DQGD
IDVWHUULQJFORVLQJNLQHWLFV7DEOH6WDELOLW\PHDVXUHPHQWVVKRZHGFOHDUO\WKDWWKHPHWKRGRI
SURGXFWLRQKDGDKLJKHU LPSDFWRQWKHVWDELOLW\RIWKHSKRWRFKURPLFPHPEUDQHVWKDQVXEVWLWXWLQJ
VSLURS\UDQVE\VSLURR[D]LQHV
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 &21&/86,216$1'287/22.
7KHLPSRUWDQFHRI WKHFRQWURORIVXUIDFHK\GURSKLOLFLW\ LQPHPEUDQHVZDVGHPRQVWUDWHG,WFRXOG
EHVKRZQWKDWWKHK\GURSKLOLFLW\RIWKHPHPEUDQHVLVGHWHUPLQLQJWKHSHUPHDELOLW\UDWHRIDTXHRXV
FDIIHLQHVROXWLRQV7KXVWKHSRUHZHWWLQJSOD\VDNH\UROHIRUWKLVNLQGRIGUXJGHOLYHU\V\VWHPV
3ODVPDLQGXFHGJUDIWVXUIDFHPRGLILFDWLRQLQVROXWLRQZDVVKRZQWREHDUHOLDEOHPHWKRGWRWXQHWKH
K\GURSKLOLFLW\DQGWKHSHUPHDELOLW\UHVLVWDQFHRI3&PHPEUDQHV)XUWKHUPRUHLWZDVVKRZQWKDWLW
LV SRVVLEOH WR IXUWKHU IXQFWLRQDOL]H $(0$FRDWHG 3&PHPEUDQHV ZKLFK LQ WKH H[DPSOH RI WKH
SRVWPRGLILFDWLRQ ZLWK RFWDQRLF DFLG UHVXOWHG LQ DQ HVVHQWLDO GHFUHDVH RI WKH K\GURSKLOLFLW\ 7KLV
PRGLILFDWLRQDOORZVWKHIDVWDQGORQJWHUPVWDEOHIXQFWLRQDOL]DWLRQRIVXUIDFHVZLWKDEURDGYDULHW\
RIPROHFXOHVWRWXQHWKHSHUPHDELOLW\UHVLVWDQFHVRIPHPEUDQHVRUWRDFKLHYHRWKHUVXUIDFHHIIHFWV
,WZDVSRVVLEOH WR WUDQVIRUPQRQUHVSRQVLYH FRDWLQJV LQDSRVWPRGLILFDWLRQ VWHS LQWRSKRWRFKURPLF
FRDWLQJVE\OLQNLQJVSLURS\UDQWRIXQFWLRQDOVLGHFKDLQV6ZLWFKLQJVSLURS\UDQIURPRQHLQWRLWVRWKHU
VWDWH LQIOXHQFHG WKHFDIIHLQHSHUPHDELOLW\ UDWHGXH WRFKDQJHGZHWWDELOLW\SURSHUWLHVRI WKHSRUHV
7KHSKRWRFKURPLFFRDWLQJVGLGQRORQJHUPDWFKWKHUHODWLRQRISHUPHDELOLW\UHVLVWDQFHDQGFRQWDFW
DQJOHWKDWZDVIRXQGIRUQRQUHVSRQVLYHFRDWLQJV7KLVLQGLFDWHGWKDW²GHSHQGLQJRQWKHFRDWLQJ²
WKHPDWHULDO SURSHUWLHV LQVLGH WKH SRUHV GLIIHUHG IURP WKHPDWHULDO SURSHUWLHV RQ WKHPHPEUDQH
VXUIDFH
3KRWRFKURPLF FRDWLQJV ZHUH DOVR GLUHFWO\ DSSOLHG WR SRO\FDUERQDWH PHPEUDQHV LQ D
FRSRO\PHUL]DWLRQ SURFHVV &RPSDULQJ WKH GLIIHUHQW FRDWLQJV VKRZHG WKDW FRSRO\PHUL]LQJ+(0$
ZLWK 63 UHVXOWHG LQ WKH ELJJHVW FKDQJH LQ SHUPHDELOLW\ UHVLVWDQFH VZLWFK LI WKHPHPEUDQHVZHUH
VWRUHGXQGHUGU\ FRQGLWLRQV ,I WKHPHPEUDQHVZHUH VWRUHGDWDPELHQWFRQGLWLRQV+($ZLWK63
VKRZHGWKHELJJHVWVZLWFKLQJSRWHQWLDO
&RPSDULQJSRVWPRGLILHGDQGFRSRO\PHUL]HGPHPEUDQHVVKRZHGWKDWSRVWPRGLILHGPHPEUDQHVKDG
DODUJHUVZLWFKLQJSRWHQWLDOFRQFHUQLQJFDIIHLQHSHUPHDELOLW\3RVWPRGLILHGPHPEUDQHVVKRZHGDOVR
ORZHUIDGLQJUDWHV7KHVORZULQJFORVLQJNLQHWLFVRISRVWPRGLILHGPHPEUDQHVZRXOGDOORZXVLQJD
SXOVHG 89LUUDGLDWLRQ 7KLV LQFUHDVHV WKH RSHUDWLQJ WLPH RI WKH PHPEUDQHV 6XPPLQJ LW XS
SRVWPRGLILHG+($ DQG+(0$ FRDWHGPHPEUDQHV VKRZHG SURPLVLQJ UHVXOWV 7KHVHPHPEUDQHV
KDYHWKHSRWHQWLDOWREHXVHGDVDNH\XQLWLQDWUDQVGHUPDOFDIIHLQHGHOLYHU\VHWXS

 
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 5%DUEH\//DYDQDQW'3DULSRYLF16FKZHU&6XJQDX[67XJXOXDQG+$.ORN&KHPLFDO5HYLHZV

 %1&KDSPDQ*ORZ'LVFKDUJH3URFHVVHV6SXWWHULQJDQG3ODVPD(WFKLQJ-RKQ:LOH\	6RQV,QF8QLWHG
6WDWHVRI$PHULFD
 9(*RODQW$3=KLOLQVNLLDQG,(6DNKDURY)XQGDPHQWDOVRISODVPDSK\VLFV:LOH\1HZ<RUN
 (1DVVHU)XQGDPHQWDOVRIJDVHRXVLRQL]DWLRQDQGSODVPDHOHFWURQLFV:LOH\,QWHUVFLHQFH1HZ<RUN
 -/9RVVHQDQG:.HUQ7KLQILOPSURFHVVHV,,$FDGHPLD3UHVV,QF6DQ'LHJR
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 5G
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
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
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
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3RO\PHU
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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$WRPWUDQVIHUUDGLFDOSRO\PHUL]DWLRQ$753LVNQRZQWRUHOLDEO\SRO\PHUL]HHLWKHUK\GUR[\HWK\O
PHWKDFU\ODWH+(0$RUK\GUR[\HWK\ODFU\ODWH+($6XUIDFH LQGXFHG$753RI+(0$ZDV
UHSRUWHGWRDOORZWRSRO\PHUL]HFRDWLQJZLWKWKLFNQHVVHVXSWRQPLQDFRQWUROOHGOLYLQJSURFHVV
7KLVZRXOGLQFUHDVHWKHFRDWLQJWKLFNQHVVDOPRVWRIDIDFWRUFRPSDUHGWRWKHSODVPDFRDWLQJ
7KHUH LV D FKDQFH WR JHW VWHULF LQVWHDG RI HOHFWURVWDWLF FRQWURO RYHU FDIIHLQH SHUPHDELOLW\
$GGLWLRQDOO\FUHDWLQJWKLFNHUFRDWLQJVLVH[SHFWHGWRPDNHDQDO\VLVHDVLHU
$753FDWDO\VWV\VWHPVFRQVLVWRIDWUDQVLWLRQPHWDOVSHFLHVHJ&X,ZKLFKFDQLQFUHDVHLWVVWDWH
RI R[LGDWLRQ DQG H[SDQG LWV FRRUGLQDWLRQVSKHUH D OLJDQG HJ ELS\ DQG D FRXQWHULRQ HJ %U
ZKLFKFDQIRUPDERQGZLWKWKHPHWDO7KHPHWDOFRPSOH[IDFLOLWDWHVWKHKRPRO\WLFFOHDYDJHRIDQ
DON\O KDORJHQ ERQG HJ 5%U WR IRUP DQ RUJDQLF UDGLFDO 5 NDFW 7KH IRUPHG UDGLFDO5 FDQ
SURSDJDWHZLWKDPRQRPHU0NSROWHUPLQDWHE\HLWKHUFRXSOLQJRUGLVSURSRUWLRQDWLRQNWRUEH
UHYHUVLEO\GHDFWLYDWHGNGHDFWWRIRUPDKDOLGHFDSSHGGRUPDQWSRO\PHUFKDLQ8VXDOO\WKH$753
HTXLOLEULXPLVVWURQJO\VKLIWHGWRZDUGVWKHGRUPDQWVSHFLHV$GGLWLRQRIDUHGXFLQJVSHFLHVWRWKH
UHDFWLRQ PL[WXUH HJ DVFRUELF DFLG DOORZV WKH UHJHQHUDWLRQ RI DFWLYDWRUV E\  HOHFWURQ WUDQVIHU
$5*(7$7536FKHPH
5%U &X,%UELS\
NDFW
NGHDFW
5 &X,,%UELS\
&X,,%UELS\ 55
NSRO0
 

NW
 /DVFRUELF DFLG
 'HK\GURDVFRUELF DFLG
 +%U

6FKHPH$FWLYDWRUV5HJHQHUDWHGE\(OHFWURQ7UDQVIHU$5*(7$753PHFKDQLVPZLWKDVFRUELFDFLG
$QDGYDQWDJHRI$753LVWKDWWKHUDWHRIUHFRPELQDWLRQRIWZRUDGLFDOVLVVLJQLILFDQWO\ORZHUHGGXH
WR WKH ORZHUHG FRQFHQWUDWLRQ RI IUHH UDGLFDOV 7KLV OHDGV WR D ORZ SRO\GLVSHUVLW\ LQGH[$ IXUWKHU
DGYDQWDJHRIOLYLQJSRO\PHUL]DWLRQVLV WKHHDV\FRQWURORISRO\PHUFKDLQ OHQJWKZKLFKGLFWDWHVWKH
FRDWLQJWKLFNQHVVE\FKDQJLQJWKHSRO\PHUL]DWLRQWLPH
3RO\PHUL]DWLRQ RI K\GUR[\HWK\O DFU\ODWH XVLQJ$753ZDV ILUVW UHSRUWHG WRZRUN LQ EXON DQG LQ
VROXWLRQE\&RFDHW DO2QH\HDU ODWHU WKH VDPHJURXS UHSRUWHG WKH VXFFHVVIXOSRO\PHUL]DWLRQRI
+(0$XVLQJ$753
$GGLWLRQRIZDWHUWRWKHUHDFWLRQPL[WXUHZDVVKRZQWRLQFUHDVHWKHUHDFWLRQNLQHWLFVZLWKRXWORVLQJ
WKHOLYLQJFKDUDFWHURIWKHUHDFWLRQ+RZHYHUSRO\PHUL]DWLRQRI+(0$LQDSXUHDTXHRXVPHGLD
ZDV VKRZQ WR SURPRWH FURVVOLQNLQJ UHDFWLRQV GXH WR WUDQVHVWHULILFDWLRQ 7KHUHIRUH VROYHQW
PL[WXUHVRIZDWHUDQGRUJDQLFDOFRKROVDUHFRPPRQO\XVHGIRU$753RI+(0$DQG+($
 685)$&(,1'8&('$7532132528632/<(67(50(0%5$1(6
$753 LV NQRZQ WR EH D JRRG DSSURDFK WR SHUIRUP SRO\PHUL]DWLRQ RI+(0$ RQ VXUIDFHV 7KLV
VXUIDFH SRO\PHUL]DWLRQ ZDV VKRZQ WR ZRUN RQ GLIIHUHQW VXEVWUDWHV DV HJ JROG RU DOXPLQD DQG
XQGHUGLIIHUHQWFRQGLWLRQV,QVRPHDSSURDFKHV&X;ZDVDGGHGDGGLWLRQDOO\WRWKH&X,VSHFLHV
 +DOLGV DVVRFLDWLRQ UHGXFHV WKH FRQFHQWUDWLRQ RI WHWUDFRRUGLQDWHG &X, VSHFLHV ZLWK DQ RSHQ
SRVLWLRQ IRU DWRP WUDQVIHU7KLV VKLIWV WKH$753HTXLOLEULXPPRUH WR WKH GRUPDQW VSHFLHV7KH
SRO\PHUL]DWLRQ VORZV GRZQ DQG EHWWHU FRQWURO RYHU WKH SRO\PHUL]DWLRQ SURFHVV FDQ EH JDLQHG
/RZHU SRO\GLVSHUVLWLHV DUH UHSRUWHG IRU VXFK V\VWHPV GXH WR WKH ORZHUHG FRQFHQWUDWLRQ RI IUHH
UDGLFDOV
6RPHRWKHUDSSURDFKHVUHSRUWRQWKHDGGLWLRQRIUHGXFLQJDJHQWV$5*(7$7537KLVDOORZV
WRZRUN DW DPELHQW FRQGLWLRQV VLQFH DOO&X,, WKDW LV HYHQWXDOO\ IRUPHGGXH WR D UHDFWLRQRI WKH
FDWDO\VWZLWKR[\JHQLVUHGXFHGEDFNLQWRLWV&X,VWDWH6FKHPH,WLVDOVRSRVVLEOHWRSHUIRUP
SRO\PHUL]DWLRQE\RQO\DGGLQJ&X,,DQGUHGXFLQJDJHQWWRWKHUHDFWLRQPL[WXUHWRFUHDWHWKH&X,
VSHFLHVLQVLWX
7KHUHLVUHPDUNDEO\OHVVLQIRUPDWLRQDYDLODEOHRQWKH$753VXUIDFHSRO\PHUL]DWLRQRI+($WKDQRI
+(0$,QJHQHUDOLWLVNQRZQWKDWDFU\OLFUDGLFDOVDUHOHVVVWDEOHWKDQPHWKDFU\OLFUDGLFDOVDQGWKDW
DFU\ODWHVSRO\PHUL]HIDVWHUGXHWRDUHGXFHGVWHULFKLQGUDQFH7KHUHIRUHLWFDQQRWEHDVVXPHGWKDW
LGHQWLFDOSRO\PHUL]DWLRQFRQGLWLRQVRI+(0$UHVXOWLQDVLPLODUSRO\PHUL]DWLRQEHKDYLRURI+($
$753SURFHVVHVDUHDOVRNQRZQWREHVXLWDEOHIRUVXUIDFHLQGXFHGSURFHVVHVVWDUWLQJIURPSRURXV
PHGLD 7KHUH DUH IRU H[DPSOH UHSRUWV RQPRGLILHG SRURXV DOXPLQD RU SRURXV 3(7 DV$753
LQLWLDWLQJVXUIDFHV
6LPLODUWR&KDSWHUWKHUHDUHWZRDSSURDFKHVWRSURGXFHPHPEUDQHVZLWKDSKRWRFKURPLFFRDWLQJ
2QHDSSURDFKLQFOXGHVWKHFUHDWLRQRIDSXUHS+(0$FRDWLQJIROORZHGE\SRVWPRGLILFDWLRQYLD
HVWHULILFDWLRQ RI WKDW FRDWLQJ WR FRYDOHQWO\ OLQN VSLURS\UDQ WR WKH VLGHFKDLQ RI WKH SRO\PHULF
FRDWLQJ 7KH VHFRQG DSSURDFK LQFOXGHV WKH FRSRO\PHUL]DWLRQ RI +(0$ ZLWK PRQRPHULF
VSLURS\UDQ LQ D VLQJOH$753 DSSURDFK$GYDQWDJH RI SRVWPRGLILFDWLRQ LV WKDW WKH NQRZQ$753
SURFHVVRISXUH+(0$FDQEHXVHG'LVDGYDQWDJHLVWKHDGGLWLRQDOUHDFWLRQVWHSWKDWLVQHHGHGWR
EHSHUIRUPHG)RUWKHFRSRO\PHUL]DWLRQ WKHUHDFWLRQFDQEH LQIOXHQFHGE\VSLURS\UDQ7KHUHIRUH
VLPLODUUHDFWLRQFRQGLWLRQVDVIRUSXUH+(0$PD\QRWEHVXLWDEOH(VSHFLDOO\VLQFHVSLURS\UDQLV
NQRZQWRLQWHUDFWZLWKPHWDOVLWLVH[SHFWHGWKDWWKHDGGLWLRQRIVSLURS\UDQWRWKH$753PL[WXUH
KDVDPDMRU LPSDFWRQ WKHSRO\PHUL]DWLRQPHFKDQLVP$753SURFHVVHV LQFOXGLQJ VSLURS\UDQVDUH
NQRZQ IURP OLWHUDWXUH   1R UHSRUW RQ LQWHUDFWLRQV RI VSLURS\UDQ ZLWK WKH FDWDO\VW KDV EHHQ
IRXQG %XW ZLWKLQ WKHVH SXEOLFDWLRQV QR GLUHFW FRPSDULVRQ RI SRO\PHUL]DWLRQ ZLWK DQG ZLWKRXW
VSLURS\UDQZDVUHSRUWHG
3&PHPEUDQHV XVHG LQ &KDSWHU  ZHUH GHFRPSRVHG XSRQ WKH DGGLWLRQ RI &X%U WR WKH UHDFWLRQ
PL[WXUH 7KHUHIRUH WUDFNHWFKHG SRO\HVWHU PHPEUDQHV 3(6 ZHUH FKRVHQ DV PDWUL[ 3(6
PHPEUDQHVVKRZHGH[FHOOHQWFKHPLFDOVWDELOLW\GXULQJJUDIWLQJSURFHVVHV
7RLQWURGXFHDPLQHIXQFWLRQDOLWLHVRQWKH3(6VXUIDFHDSODVPDFRDWLQJUHSRUWHGLQOLWHUDWXUHZDV
DSSOLHG7KHVHDPLQHVVHUYHGDVDQFKRUVLGHVIRUWKH$753LQLWLDWRU
6XUIDFHLQGXFHG$753RI+(0$DQGVSLURS\UDQRQSRURXVSRO\HVWHUPHPEUDQHVKDVQHYHUEHHQ
UHSRUWHGEHIRUH1HLWKHUKDYHDQ\UHSRUWVEHHQIRXQGDERXWWKHSUHIRUPDWLRQRI+(0$RQ3(6
PHPEUDQHVZLWKVXEVHTXHQWVSLURS\UDQSRVWPRGLILFDWLRQ
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 (;3(5,0(17$/
0DWHULDOVDQGJHQHUDOPHWKRGV
7UDFNHWFKHGSRO\HVWHU3(60HPEUDQHVĨPSRUHGLDPHWHUPPPHPEUDQHGLDPHWHUZHUH
SXUFKDVHGIURP6WHUOL7HFK&RUSRUDWLRQ&DIIHLQHUHDJHQWSOXVZDVGHOLYHUHGE\)OXND$QK\GURXV
GLFKORURPHWKDQH '&0  GULHG RYHU PROHFXODU VLHYH ZDV GHOLYHUHG E\ $FURV 11
'LF\FORKH[\OFDUERGLLPLGH '&&  GLPHWK\O DPLQRS\ULGLQH '0$3  FRSSHU,,
EURPLGH &X%U  FRSSHU, EURPLGH &X%U  FRSSHU, FKORULGH &X&O  /
DVFRUELFDFLG$VF$UHDJHQWJUDGH·ELS\ULGLQHELS\SXULVVPHWKDQRO0H2++3/&JUDGH
K\GUR[\HWK\OPHWKDFU\ODWH+(0$DQGK\GUR[\HWK\ODFU\ODWH+($ZHUHREWDLQHG
IURP6LJPD$OGULFK+($DQG+(0$ZHUHGLVVROYHGLQZDWHUDQGZDVKHGZLWKKH[DQH+[
6XEVHTXHQWO\WKHDTXHRXVSKDVHZDVVDWXUDWHGZLWKVRGLXPFKORULGHDQGH[WUDFWHGZLWK(W27KH
FRPELQHGRUJDQLFOD\HUVZHUHGULHGRYHU0J62$IWHUUHPRYLQJWKHVROYHQWLQYDFXRWKHPRQRPHU
ZDVGLVWLOOHGXQGHUUHGXFHGSUHVVXUH'LVWLOOHGPRQRPHUZDVVWRUHGLQWKHIUHH]HUIRUQRPRUHWKDQ
RQHPRQWK&X%UDQG&X&OZHUHSXULILHGDVGHVFULEHGLQOLWHUDWXUH6SLURS\UDQVZHUHV\QWKHVL]HG
DQGQDPHGDFFRUGLQJ WR&KDSWHU7KHUHOHYDQWVWUXFWXUHVIRUWKLVFKDSWHUFDQEHVHHQLQ)LJXUH


)LJXUH8VHGSKRWRFKURPLFVSLURS\UDQVWUXFWXUHVIRUWKHGLIIHUHQWFRDWLQJV
$OO RWKHU FKHPLFDOV XQOHVV VWDWHG RWKHUZLVHZHUH XVHG DV GHOLYHUHG'LVWLOOHGZDWHU IURP WKH LQ
KRXVH VXSSO\ZDV XVHG XQOHVV VWDWHG RWKHUZLVH899LVPHDVXUHPHQWV RI DOO OLTXLG VDPSOHVZHUH
SHUIRUPHG RQ D 9DULDQ %LR035 )RU ZHLJKLQJ D 0HWWOHU 7ROHGR $%6 DQG D 0HWWOHU
0(ZHUHXVHGLIQRWVWDWHGRWKHUZLVH,5PHDVXUHPHQWVZHUHSHUIRUPHGRQD%LR5DG)76
HTXLSSHGZLWKDQ$75*ROGHQ*DWH6FDQQLQJHOHFWURQ0LFURVFRS\6(0SLFWXUHVZHUHUHFRUGHG
RQD+LWDFKL6$OOVDPSOHVZHUHFRDWHGZLWKDJROGOD\HURIDERXWQP;UD\SKRWRHOHFWURQ
VSHFWURVFRS\;36ZDVSHUIRUPHGRQD3+,VSHFWURPHWHUXQGHUDQDQJOHRI
3ODVPD&RDWLQJ
8QWUHDWHG 3(6PHPEUDQHV ZHUH GXQNHG LQ D JHQWO\ VWLUUHG '&0 EDWK IRU  KRXUV DW URRP
WHPSHUDWXUHWRUHPRYHSRVVLEOHFRDWLQJVWKDWZHUHQRWGHQRWHGE\WKHPDQXIDFWXUHU$IWHUGU\LQJ
WKHPHPEUDQHVWKH\ZHUHFRDWHGLQDSODVPDGHSRVLWLRQSRO\PHUL]DWLRQSURFHVVVFFPHWK\OHQH
 VFFP DPPRQLXPDQG  VFFP DUJRQZHUH DFWLYDWHG E\ :DW PEDU SUHVVXUH LQ D FRLO
FRDWLQJSODVPDFKDPEHU%$%((DFKVLGHRIWKHPHPEUDQHZDVWUHDWHGIRUPLQXQGHUVXFK
SODVPDFRQGLWLRQ7KHPHPEUDQHVZHUHVWRUHGLQDGHVLFFDWRURYHUPROHFXODUVLHYHV
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,QLWLDWRU%LQGLQJ
$URXQGERWWRPIODVNZDVHTXLSSHGZLWKDVWLUULQJEDUDQGDPHWDOJULG WRSURWHFWWKHPHPEUDQH
IURPEHLQJGDPDJHGE\WKHVWLUULQJEDU$IWHUFKDUJLQJWKHIODVNZLWKP/'&0DQGP/1(WD
SODVPDWUHDWHG PHPEUDQH ZDV DGGHG Į%URPRLVREXW\U\OEURPLGH  P/ PPRO ZDV DGGHG
GURSZLVH YLD V\ULQJH 7KH ZKROH PL[WXUH ZDV VWLUUHG IRU  KRXUV DW URRP WHPSHUDWXUH 7KH
PHPEUDQH ZDV WKHQ UHPRYHG DQG VXEVHTXHQWO\ ZDVKHG ZLWK '&0 PHWKDQRO DQG ZDWHU LQ DQ
XOWUDVRQLFEDWKDQGGULHGLQDGHVLFFDWRURYHUPROHFXODUVLHYHV
6XUIDFH3RO\PHUL]DWLRQ
7KHZHLJKWRIDOOVDPSOHVZDVPHDVXUHGEHIRUHDQGDIWHUWKHSRO\PHUL]DWLRQ5HODWLYHZHLJKWJDLQ
ZDV FDOFXODWHG E\ GLYLGLQJ WKH ZHLJKW RI WKH FRDWHG PHPEUDQH E\ WKH ZHLJKW RI WKH XQFRDWHG
PHPEUDQH$OOUHDFWLRQVZHUHSHUIRUPHGZLWKDQRYHUDOOYROXPHRIP/
:LWKRXWDVFRUELFDFLG$WZRQHFNURXQGERWWRPIODVNZDVHTXLSSHGZLWKDVWLUUHUDQGDSURWHFWLQJ
JULGVHDOHGZLWKDUXEEHUVHSWXPDQGHYDFXDWHGIORRGHGZLWKDUJRQIRUWKUHHWLPHV0RQRPHU·
ELS\ULGLQHELS\DQG&X%UZHUHGLVVROYHGLQZDWHUDQGPHWKDQROYRODQGDGGHGWRWKH
IODVN7KHPRQRPHUVROXWLRQZDVGHJDVVHGLQWKUHHIUHH]HWKDZF\FOHV$IWHUGHJDVLQJDQGUHDFKLQJ
WKHWHPSHUDWXUHIRUWKHSRO\PHUL]DWLRQ WKH&X,VSHFLHVDQGWKHPHPEUDQHZHUHDGGHGDWRQFH
XQGHU D JHQWOH DUJRQ IORZ$IWHU WKH SRO\PHUL]DWLRQ WLPH WKHPHPEUDQHZDV UHPRYHG IURP WKH
UHDFWLRQPL[WXUHZDVKHGZLWK'&0PHWKDQRODQGZDWHUDQGGULHGLQDGHVLFFDWRURYHUPROHFXODU
VLHYHV
:LWK DVFRUELF DFLG $ URXQGERWWRP IODVN ZDV HTXLSSHG ZLWK D VWLUUHU D SURWHFWLQJ JULG DQG D
PHPEUDQH VHDOHGZLWK D UXEEHU VHSWXPDQG VXEVHTXHQWO\ HYDFXDWHG DQG IORRGHGZLWK DUJRQ IRU
WKUHH WLPHV 7KLV UHDFWLRQ IODVNZDV WKHQ KHDWHG WR WKH SRO\PHUL]DWLRQ WHPSHUDWXUH ,Q D VHFRQG
IODVNWKHPRQRPHUV·ELS\ULGLQHDQGDVFRUELFDFLGZHUHGLVVROYHGLQZDWHUDQGPHWKDQRO
YRO7KHPRQRPHUVROXWLRQVZHUHGHJDVHGE\EXEEOLQJDUJRQ WKURXJK WKHVROXWLRQ IRUKRXU
$IWHUGHJDVLQJWKH&X,VSHFLHVZDVDGGHGLQRQHSRUWLRQ7KLVVROXWLRQZDVDGGHGYLDV\ULQJHWR
WKH UHDFWLRQ IODVN$IWHU WKH SRO\PHUL]DWLRQ WLPH WKHPHPEUDQHZDV UHPRYHG IURP WKH UHDFWLRQ
PL[WXUHZDVKHGZLWK'&0PHWKDQRODQGZDWHUDQGGULHGLQDGHVLFFDWRURYHUPROHFXODUVLHYHV
3RVW0RGLILFDWLRQ
$URXQGERWWRPIODVNZDVHTXLSSHGZLWKDVWLUUHUDQGDSURWHFWLQJJULG7KHIODVNZDVGULHGXQGHU
UHGXFHGSUHVVXUHZLWKDKHDWJXQDQGIORRGHGZLWKDUJRQ63PJPPRO'&&PJ
PPRO'0$3 PJ PPRO DQG P/'&0ZHUH DGGHG WR WKH IODVN 7KH FRDWHG
PHPEUDQHZDVDGGHGXQGWKHZKROHPL[WXUHZDVJHQWO\VWLUUHGDWURRPWHPSHUDWXUHIRUKRXUV
3HUPHDELOLW\
$OOPHDVXUHPHQWVZHUHSHUIRUPHGLQD)UDQ]GLIIXVLRQFHOOSXUFKDVHGIURP6(6$QDO\VH6\VWHPH
ZLWKDUHFHSWRUYROXPHRIP/DQGDQRULILFHDUHDRIFP0DVVWUDQVIHUUDWHVRIFDIIHLQH
ZHUHPHDVXUHGXQGHU89LUUDGLDWLRQQP:PDQGDWGD\OLJKW$IWHUILOOLQJWKHUHFHSWRU
FKDPEHUZLWKZDWHUP/ WKHPHPEUDQHZDV IL[HG LQ WKHGLIIXVLRQFHOO7KHGRQRUFKDPEHU
ZDVFKDUJHGZLWKDFDIIHLQHVROXWLRQP0P/6DPSOHV/ZHUHFROOHFWHGIURPWKH
UHFHSWRUSDUWRIWKHFHOODIWHUDQGPLQXWHV7KHFDIIHLQHFRQFHQWUDWLRQVRIWKHVH
VDPSOHVZHUHDVVLJQHGE\PHDVXULQJLWV89DEVRUSWLRQDWQP
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
5HVLVWDQFH5LQVFPRIDPHPEUDQHZDVFDOFXODWHGDFFRUGLQJWR)LFN·VODZXVLQJWKHIRUPXODܴ ൌ ௱௖ி 
ZKHUHĈF UHSUHVHQWV WKH GLIIHUHQFH RI FDIIHLQH FRQFHQWUDWLRQ FRPSDULQJ WKH GRQRU FRPSDUWPHQW
ZLWKWKHUHFHSWRUSDUWRIWKHXVHG)UDQ]FHOOĈFZDVDVVXPHGWREHFRQVWDQWRYHUWKHWLPHIUDPHRI
WKHPHDVXUHPHQW)ZDVWKHPROHFXODUIOX[LQQXPEHURIPROHFXOHVSHUWLPHSHUDUHD3HUPHDELOLW\
PHDVXUHPHQWV IRU DOO WUHDWHG PHPEUDQHV ZHUH SHUIRUPHG GLUHFWO\ DIWHU WKH SURGXFWLRQ $OO
PHPEUDQHVZHUHGULHGLQYDFXREHIRUHWKHSHUPHDELOLW\PHDVXUHPHQWV
&RQWDFW$QJOH
$OOPHDVXUHPHQWVZHUHSHUIRUPHGRQD.UVV*$7KHPHPEUDQHIL[HGZLWKDVWDQGDUGWDSHLI
QHFHVVDU\ZDVSRVLWLRQHGRQDPHWDO2ULQJ$GURSRIQDQRSXUHZDWHUĨ/ZDVSRVLWLRQHGRQ
WKH SDUW RI WKHPHPEUDQH VXUIDFHZKLFKZDV QRW LQ FRQWDFWZLWK WKH2ULQJ )RUPHDVXULQJ WKH
LPSDFWRIVZLWFKLQJ63RQWKHVXUIDFHWHQVLRQRIWKHPHPEUDQHWKH&$ZDVPHDVXUHGILUVWDWGD\
OLJKW7KHQWKHPHPEUDQHZDVLOOXPLQDWHGZLWK89OLJKWQP:PIRUPLQXWHDQGWKH
FRQWDFW DQJOHZDVPHDVXUHG DJDLQ 6XEVHTXHQWO\ WKHPHPEUDQHZDV LOOXPLQDWHGZLWKZKLWHOLJKW
XQWLOQRPRUHFRORUDWLRQZDVYLVLEOHDQGFRQWDFWDQJOHZDVPHDVXUHGDJDLQ7KLVFLUFOHZDVUHSHDWHG
DWOHDVWWKUHHWLPHV
6ROLGVWDWH899LVPHDVXUHPHQWV
$OOPHDVXUHPHQWV ZHUH SHUIRUPHG RQ D /DPEGD  LQ WKH UHIOHFWLRQPRGH89 LOOXPLQDWLRQZDV
DOZD\VDWQPZLWKDQLQWHQVLW\RI:P7KHPHPEUDQHLWVHOIVWRUHGDWGD\OLJKWZDVXVHGIRU
WKH EDVH OLQH PHDVXUHPHQWV $IWHU LOOXPLQDWLQJ WKH PHPEUDQH IRU  PLQXWH ZLWK 89 OLJKW WKH
VSHFWUXP RI WKDW PHPEUDQH ZDV PHDVXUHG DQG WKH PD[LPDO DEVRUEDQFH ZDV GHWHFWHG 7KH
PHPEUDQHZDVWKHQLOOXPLQDWHGZLWK89OLJKWIRUILYHPRUHPLQXWHV$IWHUZDUGVWKHDEVRUSWLRQDW
WKHDVVLJQHGPD[LPXPZDYHOHQJWKZDVPHDVXUHGRYHUDWLPHVSDQRIPLQXWHVWRJHWLQIRUPDWLRQ
DERXWWKHULQJFORVLQJNLQHWLFVRIWKHVSLURFRPSRXQGVXQGHUGDUNFRQGLWLRQVDWURRPWHPSHUDWXUH
6XEVHTXHQWO\WKHPHPEUDQHZDVLOOXPLQDWHGIRUKRXUVZLWK89OLJKW$IWHU
DQGPLQXWHVWKHDEVRUSWLRQDWWKHDVVLJQHGPD[LPXPZDVPHDVXUHGWRREWDLQLQIRUPDWLRQ
DERXWWKHVSHHGRIGHFRPSRVLWLRQRIWKHVSLURFRPSRXQGVXQGHU89LUUDGLDWLRQ6LQFHIDGLQJDQG
ULQJFORVLQJUHDFWLRQGRQRWIROORZDNQRZQUHDFWLRQPHFKDQLVPDQGPHDVXUHGFXUYHVDUHGLIIHUHQW
IRU HDFK VDPSOH LWZDVQRWSRVVLEOH WR DSSO\ DQ DSSURSULDWHPRGHO WRTXDQWLI\ WKHSURFHVVHV7R
TXDOLWDWLYHO\ FRPSDUH WKH GLIIHUHQW PHPEUDQHV D OLQHDU ILW ZDV DSSOLHG )RU IDGLQJ UDWHV WKH
PHDVXUHPHQWV RI WKH ILUVW PLQXWHV ZHUH FRQVLGHUHG )RU ULQJ FORVLQJ UDWHV DOO PHDVXUHPHQWV
EHWZHHQPLQXWHDQGZHUHFRQVLGHUHGIRUWKHOLQHDUILW
3RO\PHUL]DWLRQ.LQHWLFV
)LYHPHPEUDQHVZLWKLQLWLDWRURQWKHLUVXUIDFHZKHUHFXWLQWRIRXUVLPLODUSLHFHVHDFK7KHSLHFHV
ZKHUH ZHLJKWHG DQG DOZD\V IRXU SLHFHV IURP IRXU GLIIHUHQW PHPEUDQHV ZHUH SODFHG LQWR RQH
UHDFWLRQ IODVN 3RO\PHUL]DWLRQ ZDV SHUIRUPHG DV GHVFULEHG DERYH 7KH ILUVW SRO\PHUL]DWLRQ ZDV
VWRSSHGDIWHUPLQWKHVHFRQGRQHDIWHUPLQWKHWKLUGDIWHUPLQDQGWKHIRXUWKDIWHU
ሺͳሻ
 685)$&(,1'8&('$7532132528632/<(67(50(0%5$1(6
PLQ7KHODVWUHDFWLRQPL[WXUHZDVVWRSSHGDIWHUKRXUV7KHZHLJKWRIDOOSLHFHVZDVPHDVXUHG
DQGWKHZHLJKWJDLQVRIWKHIRXUSLHFHVLQWKHVDPHUHDFWLRQPL[WXUHZHUHDYHUDJHG
$PRXQWRIVSLURS\UDQRQWKHPHPEUDQH
)RUWKHFRSRO\PHUL]DWLRQDSSURDFKWKHFRDWHGSRO\HVWHUPHPEUDQHZDVGXQNHGLQD01D2+
VROXWLRQ ,W ZDV VWLUUHG YLJRURXVO\ XQWLO WKH PHPEUDQH ZDV GHFRPSRVHG 7KH DEVRUSWLRQ RI WKH
UHVXOWLQJVROXWLRQFRQWDLQLQJK\GUR[\QLWUREHQ]DOGHK\GHGHFRPSRVLWLRQSURGXFWRIVSLURS\UDQ
ZDVPHDVXUHG DW  QP İ  0FP ,W ZDV DVVXPHG WKDW VSLURS\UDQ LV TXDQWLWDWLYHO\
GHFRPSRVHG)RUWKHSRVWPRGLILFDWLRQDSSURDFKWKHZHLJKWJDLQGXULQJWKHHVWHULILFDWLRQVWHSZDV
PHDVXUHG

 5(68/76$1'',6&866,21
$FWLYDWLRQRI3RO\HVWHU6XUIDFH
:DVKLQJWKHRULJLQDOSRO\HVWHU3(6PHPEUDQHZLWK'&0UHPRYHGDVPDOODPRXQWRIXQNQRZQ
PDWHULDO,WZDVDVVXPHGWKDWWKLVZDVDFRDWLQJWRLPSURYHWKHZHWWDELOLW\RIWKH3(6PHPEUDQHDV
UHSRUWHG IRU 3&PHPEUDQHV LQ&KDSWHU 1R FKDQJHV LQ HOHPHQWDO FRPSRVLWLRQ RU ,5VSHFWUXP
ZHUH LQGXFHG E\ WKH '&0WUHDWPHQW 7R HQDEOH $753 RQ 3(6VXUIDFHV SODVPD FRDWLQJ
LQWURGXFLQJ DPLQHV RQ WKH VXUIDFHZDV DSSOLHG 3(61+ 6XEVHTXHQW UHDFWLRQ RI WKHVH DPLQHV
ZLWK WKH DFLG EURPLGH RI DQ $753LQLWLDWRU \LHOGHG DQ DFWLYDWHG VXUIDFH IRU $753 3(6,QLW
6FKHPH
7DEOH5HVLVWDQFHWRZDUGVFDIIHLQHFRQWDFWDQJOHVDQG;36PHDVXUHPHQWVRI3(6PHPEUDQHV
$OO;36UHVXOWVVKRZQLQ$W
0HPEUDQH 5VFP &$ &V 2V 1V %US
3(6RULJ ·     
3(61+ ·     
3(6,QLW ·     
$VIRXQGE\;36PHDVXUHPHQWVGXULQJWKHSODVPDSURFHVVQLWURJHQZDVLQWURGXFHGDWWKH
PHPEUDQHVXUIDFH7DEOH$GGLWLRQDOO\WKHSRUHVL]HZDVUHGXFHGIURPDERXWQP)LJXUH
DWRQP)LJXUHE
;36PHDVXUHPHQWV UHYHDOHG WKDW GXULQJ WKH FRXSOLQJ RI WKH LQLWLDWRU PROHFXOH WKH DPRXQW RI
QLWURJHQZDVORZHUHGWR7DEOHDQGWKHSRUHVL]HLQFUHDVHGWRQP)LJXUHF7KLV
LQGLFDWHVWKDWSDUWRIWKHFRDWLQJLVUHPRYHGGXULQJWKDWFRXSOLQJVWHS1HYHUWKHOHVVHQRXJKFRDWLQJ
ZDVVWLOOSUHVHQWWRFRXSOHWKHLQLWLDWRUPROHFXOHWRWKHVXUIDFH;36PHDVXUHPHQWVFOHDUO\GHWHFWHG
WKH%USVLJQDOLQGLFDWLQJWKHSUHVHQFHRIWKHLQLWLDWRU7DEOH
 685)$&(,1'8&('$7532132528632/<(67(50(0%5$1(6

6FKHPH3ODVPDFRDWLQJLQWURGXFHGDPLQHVRQWKH3(6VXUIDFH0RGLILFDWLRQZLWKWKHDFLGEURPLGHRIDQ$753
LQLWLDWRUOHGWRDQDFWLYDWHG3(6VXUIDFH7KHUXOHGDUHDUHSUHVHQWV3(67KHJUH\DUHDLQGLFDWHVWKHSODVPDFRDWLQJ

)LJXUH6(0SLFWXUHRID3(6PHPEUDQHD'&0ZDVKHGE1+SODVPDFRDWHGFLQLWLDWRUFRDWHG
,5PHDVXUHPHQW RI WKH RULJLQDOPHPEUDQH VKRZHG QR QRWHZRUWK\ VLJQDOV DERYH  FP 7KLV
LQGLFDWHV WKH DEVHQFH RI DQ\ &+ 1+ DQG2+ FRQWDLQLQJ VSHFLHV )LJXUH  (VSHFLDOO\ WKH
DEVHQFH RI &+ LV VXUSULVLQJ IRU SRO\HVWHU EXW IDFLOLWDWHV WKH GHWHFWLRQ RI FRDWLQJV E\ ,5
PHDVXUHPHQWV

)LJXUH,5VSHFWUXPRIDQXQWUHDWHG3(6PHPEUDQH1RVLJQDODERYHFPZDVGHWHFWHG
6XUIDFH3RO\PHUL]DWLRQ
$OO UHOHYDQW SRO\PHUL]DWLRQ SDUDPHWHUV IRU WKH GLIIHUHQW PHPEUDQHV DUH UHSUHVHQWHG LQ WDEOHV
0HPEUDQHVDUHQDPHGFRUUHVSRQGLQJWRWKHWDEOHQXPHUDWLRQHJSUHSDUDWLRQRIPHPEUDQH
FDQEHIRXQGLQWDEOHDVVHFRQGHQWU\
)LUVW GLIIHUHQW FRQGLWLRQV IRU SXUH +($ ZHUH WHVWHG WR ILQG DQ DSSURSULDWH V\VWHP WR SHUIRUP
VXUIDFH LQGXFHG $753 RQ SRURXV SRO\HVWHU $OO UHDFWLRQV ZHUH FRQGXFWHG LQ D PHWKDQROZDWHU
PL[WXUH:LWKLQERWKDSSURDFKHV&X,EURPLGHDQGFKORULGHZHUHWHVWHGDVFDWDO\VW7ZRGLIIHUHQW
DSSURDFKHVUHSRUWHGLQ OLWHUDWXUHZHUHFRPSDUHG$SSURDFKRQHZDVWRXVHDVFRUELFDFLGWRDYRLG
R[LGDWLRQRIWKHFRSSHUVSHFLHVGXULQJWKHUHDFWLRQ7DEOH
 685)$&(,1'8&('$7532132528632/<(67(50(0%5$1(6
7DEOH6\QWKHWLFGHWDLOVIRUVXUIDFHLQGXFHG$753ZLWKDVFRUELFDFLG$VF$LQPHWKDQROZDWHUPL[WXUH
:HLJKWJDLQDQGFRQWDFWDQJOHIRUWKHFRDWHGPHPEUDQHVZHUHPHDVXUHGDIWHUK
 +($PRO/ &X;PPRO/ %LS\PPRO/ $VF$PPRO/ 7& ZW &$
  &X%U   57  
  &X%U     
  &X&O     
$SSURDFKWZRZDVWKHDGGLWLRQRI&X,,WRWKHUHDFWLRQPL[WXUHZLWKRXWDGGLWLRQRIDVFRUELFDFLG
WRORZHUWKHUHDFWLRQVSHHGDQGWKXVWRJDLQEHWWHUFRQWURORYHUWKHUHDFWLRQ7DEOH
7DEOH6\QWKHWLFGHWDLOVIRUVXUIDFHLQGXFHG$753ZLWK&X%ULQPHWKDQROZDWHUPL[WXUH:HLJKW
JDLQIRUDOOWUHDWHGPHPEUDQHVZDVPHDVXUHGDIWHUK
 +($PPRO/ &X;PPRO/ %LS\PPRO/ &X%UPPRO/ 7& ZW
  &X%U   57 
  &X%U    
  &X&O    
2QO\DSSURDFKHVZLWKDVFRUELFDFLGZHUHVXFFHVVIXODQGUHVXOWHGLQDPHDVXUDEOHZHLJKWJDLQIRUWKH
WUHDWHGPHPEUDQHV$GGLWLRQRI&X%ULQKLELWHGWKHSRO\PHUL]DWLRQUHDFWLRQLQWKHSUHVHQWFDVHWR
VXFKDQH[WHQWWKDWHYHQDIWHUKRXUVQRZHLJKWJDLQZDVPHDVXUDEOH7KHUHDFWLRQPL[WXUHZLWK
DVFRUELFDFLGDQG&X%UDW&UHVXOWHGLQWKHKLJKHVWZHLJKWJDLQ7KHUHIRUHWKLVFDWDO\WLFV\VWHP
ZDVFKRVHQIRUIXUWKHULQYHVWLJDWLRQV6FKHPH
0HDVXULQJWKHVXUIDFHSRO\PHUL]DWLRQNLQHWLFVRI+($RQSRURXVSRO\HVWHUUHVXOWHGLQDEHQWFXUYH
DSSURDFKLQJDSODWHDXDIWHUDVWHHSLQFUHDVHDW WKHEHJLQQLQJ7KLVLQGLFDWHVWKDWWKHPDLQSDUWRI
WKHSRO\PHUL]DWLRQWDNHVSODFHYHU\TXLFNO\DIWHUWKHLQLWLDWLRQ0RVWFRDWLQJLVEXLOWGXULQJWKHILUVW
KRXU RI SRO\PHUL]DWLRQ 7KH SURFHVV FRQVWDQWO\ VORZV GRZQ GXULQJ WKH IROORZLQJ KRXUV 7KLV
LQGLFDWHVWKDWSRO\PHUL]DWLRQPHFKDQLVPLVQRWFRUUHVSRQGLQJWRDOLYLQJSRO\PHUL]DWLRQ)LJ

6FKHPH6XFFHVVIXOVXUIDFHLQGXFHGSRO\PHUL]DWLRQRI+($ZDVDFKLHYHGZKHQ&X%UDQGDVFRUELFDFLGZHUHXVHG
IRUSRO\PHUL]DWLRQVDW&7KHUXOHGDUHDUHSUHVHQWVWKHSRO\HVWHU7KHJUH\DUHDLQGLFDWHVWKHDPLQHFRQWDLQLQJ
SODVPDFRDWLQJWKDWZDVGHVFULEHGDERYH
 685)$&(,1'8&('$7532132528632/<(67(50(0%5$1(6

)LJXUH6XUIDFHLQGXFHGSRO\PHUL]DWLRQNLQHWLFVRI+($RQ3(6PHPEUDQH
)RU IXUWKHU RSWLPL]DWLRQ RI WKH VXUIDFH SRO\PHUL]DWLRQ SURFHVV WKH FRQFHQWUDWLRQ RI +($ ZDV
YDULHG7DEOH7KHPRQRPHUFRQFHQWUDWLRQZDVIRXQGWRKDYHDGLVSURSRUWLRQDWHO\KLJKLPSDFW
RQWKHDPRXQWRISRO\PHUWKDWZDVJUDIWHGRQWRWKHVXUIDFH7KHDPRXQWRISRO\PHURQWKHVXUIDFH
LV D FULWLFDO IDFWRU FRQFHUQLQJ WKH SRURVLW\ DQG WKH VXUIDFHPRUSKRORJ\RI WKHPHPEUDQH )LJXUH
,IWKHDPRXQWRIJUDIWHGSRO\PHUZDVWRRKLJKLWZDVQRWSRVVLEOHWRPHDVXUHDFDIIHLQHIOX[
WKURXJKWKHPHPEUDQHHJIRUPHPEUDQH$GGLWLRQDOO\GHWHUPLQDWLRQRIWKHVXUIDFHFRQWDFW
DQJOHZDVLPSRVVLEOHVLQFHWKHPHPEUDQHEHFDPHEXPS\
7DEOH'LIIHUHQWFRQFHQWUDWLRQRI+($IRUVXUIDFHLQGXFHG$753ZLWKDVFRUELFDFLG$OO
UHDFWLRQVZHUHFRQGXFWHGDW&DQGTXHQFKHGDIWHUK:HLJKWJDLQFRQWDFWDQJOHDQG
SHUPHDELOLW\UHVLVWDQFHIRUFDIIHLQHZHUHPHDVXUHG

+($
PPRO/
&X%U
PPRO/
%LS\
PPRO/
$VF$
PPRO/ ZW
&$

5
VFP
       ·
       ·
       
6(0SLFWXUHV RI WKH PHPEUDQHV FRDWHG ZLWK WKUHH GLIIHUHQW PRQRPHU FRQFHQWUDWLRQV VKRZHG D
FOHDU FKDQJH LQPRUSKRORJ\:KHUHDV WKHPHPEUDQH FRDWHGZLWK WKH ORZHVW FRQFHQWUDWLRQ LV VWLOO
SRURXV )LJXUH  D WKH RWKHU WZR PHPEUDQHV VKRZHG QR SRUHV DQ\PRUH DW WKH VXUIDFH 2Q
PHPEUDQHDPRUSKRORJ\VWDUWVWRDSSHDURQWKHVXUIDFH)LJXUHEDQGPHPEUDQHLV
HQWLUHO\ FRDWHGZLWK WKLV VWUXFWXUH )LJXUH  F ,5VSHFWURVFRS\ VKRZHG D EURDG SHDN DURXQG
FP7KLVSHDNLQGLFDWHVWKHSUHVHQFHRI2+JURXSVRQWKHPHPEUDQHVXUIDFH6LQFHWKLVSHDN
ZDVQHYHUREVHUYHGIRUXQFRDWHGPHPEUDQHVWKLVLVDVWURQJLQGLFDWLRQIRUWKHSUHVHQFHRID+($
FRDWLQJ)LJXUH

)LJXUH6(0SLFWXUHVRIS+($FRDWHG3(6PHPEUDQHVDPHPEUDQHEPHPEUDQHFPHPEUDQH
 685)$&(,1'8&('$7532132528632/<(67(50(0%5$1(6

)LJXUH,5VSHFWUXPRIDS+($FRDWHG3(6PHPEUDQHPHPEUDQH
7KH VDPH LQYHVWLJDWLRQ RQ WKH FRQFHQWUDWLRQ GHSHQGHQF\ RI WKH DPRXQW RI JUDIWHG SRO\PHU ZDV
SHUIRUPHGZLWK+(0$6LPLODU ILQGLQJV VXSSRUW WKH UHVXOWV IURP WKH+($JUDIWLQJ H[SHULPHQWV
7KH DPRXQW RI JUDIWHG SRO\PHU ZDV DJDLQ GLVSURSRUWLRQDOO\ KLJK GHSHQGLQJ RQ WKH PRQRPHU
FRQFHQWUDWLRQ7DEOH ,I WKHDPRXQWRIJUDIWHGSRO\PHUZDV WRRKLJK WKHPHPEUDQHEHFDPH
EXPS\DQGEULWWOHHJPHPEUDQH7KHUHIRUHLWZDVLPSRVVLEOHWRIL[WKHVHPHPEUDQHVLQD
)UDQ] FHOO WR PHDVXUH LWV SHUPHDELOLW\ UHVLVWDQFH 'HWHUPLQDWLRQ RI WKH FRQWDFW DQJOH ZDV
PHDQLQJOHVVVLQFHWKHVXUIDFHZDVQRWVPRRWK
7DEOH([SHULPHQWDOGHWDLOVIRUVXUIDFH$753ZLWKDVFRUELFDFLGXVLQJGLIIHUHQW+(0$
FRQFHQWUDWLRQV$OOUHDFWLRQVZHUHFRQGXFWHGDW&DQGTXHQFKHGDIWHUK:HLJKWJDLQ
FRQWDFWDQJOHDQGSHUPHDELOLW\UHVLVWDQFHIRUFDIIHLQHZHUHPHDVXUHG

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
       ·
       ·
       
0HDVXULQJWKHVXUIDFHSRO\PHUL]DWLRQNLQHWLFVRI+(0$RQSRURXVSRO\HVWHUUHVXOWHGLQDVWUDLJKW
OLQH7KLVLQGLFDWHVWKDWWKHSRO\PHUL]DWLRQSURJUHVVHVDWFRQVWDQWVSHHGZLWKLQWKHILUVWKRXUVDV
DOLYLQJSRO\PHUL]DWLRQSURFHVV7KHUHIRUHVWRSSLQJWKHSRO\PHUL]DWLRQDIWHUDFHUWDLQWLPHDOORZV
GLFWDWLQJWKHDPRXQWRIFRDWLQJRQDPHPEUDQH)LJXUH

)LJXUH6XUIDFHSRO\PHUL]DWLRQNLQHWLFVRI+(0$RQ3(6PHPEUDQH
 685)$&(,1'8&('$7532132528632/<(67(50(0%5$1(6

)LJXUH6(0SLFWXUHVRIS+(0$FRDWHG3(6PHPEUDQHVDPHPEUDQHEPHPEUDQHFPHPEUDQH

&RPSDULQJ6(0SLFWXUHVRIPHPEUDQHVDQGVKRZVDFKDQJHLQVXUIDFHPRUSKRORJ\
WKDW LV FRQQHFWHG WR WKH PRQRPHU FRQFHQWUDWLRQ WKDW ZDV XVHG GXULQJ WKH FRDWLQJ SURFHVV
0HPEUDQHLVVWLOOSRURXVZLWKDIODWVXUIDFH)LJXUHD0HPEUDQHLVHQWLUHO\FRDWHG
ZLWKSRO\PHUDQGWKHUHIRUHWXUQVXSWREHQRQSRURXV7KHSRO\PHUFUHDWHVDSDWWHUQRQWKHVXUIDFH
LQGXFLQJ D FKDQJHGPRUSKRORJ\ FRPSDUHG WR WKH SRURXVPHPEUDQH )LJXUH  E0HPEUDQH
ZLWKWKHPRVWSRO\PHUFRDWLQJRQWKHVXUIDFHVKRZVDJDLQDGLIIHUHQWVXUIDFHPRUSKRORJ\7KH
SDWWHUQORRNVVLPLODUWRPHPEUDQHEXWWKHVL]HRIWKHVWUXFWXUHZDVLQFUHDVHG)LJXUHF
$VLGHYLHZRIPHPEUDQHVKRZVWKDWWKHSRURXVPHPEUDQHZDVVWLOOSUHVHQWEHORZWKHFRDWLQJ
7RPHDVXUHWKHFRDWLQJWKLFNQHVVLQVXFKDSLFWXUHLVUDWKHU LPSRVVLEOHVLQFH LWLVQRWFOHDUZKHUH
WKHFRDWLQJHQGVDQGZKHUH WKH3(6PHPEUDQHVWDUWV1HYHUWKHOHVVD URXJKHVWLPDWLRQLQGLFDWHG
WKDWWKHFRDWLQJZDVEHWZHHQDQGP)LJXUH

)LJXUH6(0VLGHYLHZRIPHPEUDQHEHIRUHOHIWDQGDIWHUULJKWVXUIDFHLQGXFHG$753

 685)$&(,1'8&('$7532132528632/<(67(50(0%5$1(6

)LJXUH,5VSHFWUXPRIDS+(0$FRDWHG3(6PHPEUDQHPHPEUDQH
,5PHDVXUHPHQW RI S+(0$ FRDWHG PHPEUDQHV VKRZHG DJDLQ D EURDG SHDN DW  FP IRU
PHPEUDQHV  DQG LQGLFDWLQJ WKHSUHVHQFHRI2+JURXSV )LJXUH 0HPEUDQH
VKRZHG QR VLJQDO LQ WKDW UHJLRQ (LWKHU WKHUH ZDV QR FRDWLQJ RU WKH FRDWLQJ ZDV WRR WKLQ WR EH
GHWHFWHG
;36PHDVXUHPHQWVRIWKHFRDWHGPHPEUDQHVVKRZHGDFOHDUWUHQGIRUWKHGLIIHUHQWFRQFHQWUDWLRQV
)RU WKH KLJKHVW FRQFHQWUDWLRQ WKH VDPH HOHPHQWDO FRPSRVLWLRQ ZDV PHDVXUHG DV IRU SXUH
S+(0$)RU WKH ORZHVWPRQRPHUFRQFHQWUDWLRQ WKHHOHPHQWDO FRPSRVLWLRQZDV VLPLODU WR WKH
RQHPHDVXUHGIRUWKHPHPEUDQHZLWKRQO\LQLWLDWRU)RUWKHLQWHUPHGLDWHPRQRPHUFRQFHQWUDWLRQ
QRW WKH VDPH HOHPHQWDO FRPSRVLWLRQ DV IRU SXUH S+(0$ ZDV GHWHFWHG 7DEOH  7KLV LV D
VXUSULVLQJUHVXOWVLQFH6(0SLFWXUHVLQGLFDWHGDKRPRJHQRXVFRDWLQJZLWKDWKLFNQHVVEH\RQGWKH
PHDVXULQJGHSWKRI;36)LJXUH
7DEOH;36PHDVXUHPHQWVRIGLIIHUHQWO\FRDWHG3(6
PHPEUDQHV$OOUHVXOWVVKRZQLQ$W
0HPEUDQH &V 2V 1V %US
3(6,QLW    
0HP    
0HP    
0HP    
+($FDOF    
0HP    
0HP    
0HP    
+(0$FDOF    
7KH IDFW WKDW PHPEUDQHV SURGXFHG ZLWK WKH KLJKHVW FRQFHQWUDWLRQ RI PRQRPHU VKRZHG VLPLODU
DWRPLFFRPSRVLWLRQDVSXUHS+($DQGS+(0$UHVSHFWLYHO\UHYHDOWKDWWKHIRUPHGSRO\PHUFKDLQV
GLGQRWXQGHUJRVLGHUHDFWLRQVGXULQJSRO\PHUL]DWLRQFRPSDUHWR&KDSWHU$(0$FRDWLQJ


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3RVWPRGLILFDWLRQRI+(0$&RDWHG0HPEUDQHV
2QO\ IRUPHPEUDQHV    DQG  D IOX[ RI FDIIHLQHZDV GHWHFWHG7KHUHIRUH RQO\
WKHVHIRXUFRDWLQJVZHUHSRVWPRGLILHGZLWKVSLURS\UDQWRFUHDWHSKRWRFKURPLFFRDWLQJV7KHFRDWHG
PHPEUDQHVZHUHHVWHULILHGLQD63FRQWDLQLQJ'&0VROXWLRQ6FKHPH
$IWHU WKH SRVWPRGLILFDWLRQ SURFHVV SKRWRFKURPLF PHPEUDQHV ZHUH REWDLQHG 89LUUDGLDWLRQ
UHVXOWHGLQDSXUSOHFRORUDWLRQRIWKHPHPEUDQH,OOXPLQDWLRQZLWKYLVLEOHOLJKWDOORZHGGLVFRORULQJ
WKHSKRWRFKURPLFPHPEUDQH)LJXUH

)LJXUH  0HPEUDQH EHIRUH OHIW DQG DIWHU ULJKW SHUPHDELOLW\PHDVXUHPHQW LQQHU ZKLWH FLUFOH $ LQGXFHG E\
YLVLEOH OLJKW DIWHU WKHPHDVXUHPHQW GDUN SXUSOH ULQJ % LQGXFHV E\ 89LUUDGLDWLRQ GXULQJ WKHPHDVXUHPHQW RXWHU
SXUSOHULQJ&SDUWLDOO\FRYHUHGDUHDGXULQJWKHPHDVXUHPHQWWKHUHIRUHOHVVLQWHQVHFRORUHG
0HDVXULQJ WKH FDIIHLQH SHUPHDELOLW\ IRU WKHVH PHPEUDQHV DW GD\OLJKW DQG XQGHU 89LUUDGLDWLRQ
VKRZHG WKH KLJKHVW SHUPHDELOLW\ VZLWFK IRU PHPEUDQH 63 IROORZHG E\ PHPEUDQH 
63 ,W ORRNV OLNH DQ LQWHUPHGLDWH DPRXQW RI FRDWLQJ LV EHQHILFLDO FRQFHUQLQJ WKH VZLWFK RI
SHUPHDELOLW\UHVLVWDQFH7DEOH,IWKHDPRXQWRIFRDWLQJZDVWRRVPDOOQRRURQO\VPDOOFKDQJHV
LQSHUPHDELOLW\UHVLVWDQFHZDVGHWHFWHG,IWKHDPRXQWRIFRDWLQJZDVWRRKLJKWKHPHPEUDQHVZHUH
QRORQJHUSHUPHDEOHIRUFDIIHLQH)RUWKHPHPEUDQHVZLWKDKLJKDPRXQWRIFRDWLQJDKLJKDPRXQW
RI LQFRUSRUDWHG VSLURS\UDQ ZDV GHWHFWHG $ PRGHVW FRUUHODWLRQ RI SHUPHDELOLW\ UHVLVWDQFH ZLWK
FRQWDFWDQJOHZDVGHWHFWHG+LJKFRQWDFWDQJOHVUHVXOWHGLQDKLJKSHUPHDELOLW\UHVLVWDQFH+RZHYHU
WKH FRUUHODWLRQZDV QRW FOHDU HQRXJK WR UHOLDEO\ SUHGLFW WKH SHUPHDELOLW\ UHVLVWDQFH IURP FRQWDFW
DQJOHPHDVXUHPHQWV7DEOH

6FKHPH 3RVWPRGLILFDWLRQRIS+($FRDWHG3(6PHPEUDQHVZLWK637KH UXOHG DUHD UHSUHVHQWV WKHSRO\HVWHU
7KHJUH\DUHDLQGLFDWHVWKHDPLQHFRQWDLQLQJSODVPDFRDWLQJWKDWZDVGHVFULEHGDERYH
 685)$&(,1'8&('$7532132528632/<(67(50(0%5$1(6

7DEOH3HUPHDELOLW\UHVLVWDQFHVFRQWDFWDQJOHVVSLURS\UDQFRQWHQWDQGǋPD[RIGLIIHUHQW
SRVWPRGLILHG3(6PHPEUDQHV
0HPEUDQH 5'/
VFP
589
VFP
&$'/

&$89

63RQ0HP
ZW
ǋPD[
QP
0HP63 · ·    
0HP63 · ·    
0HP63 · ·    
0HP63 · ·    
&RQWDFW DQJOH PHDVXUHPHQWV VKRZHG WKDW WKH VXUIDFH WHQVLRQ FDQ EH LQIOXHQFHG E\ VZLWFKLQJ
VSLURS\UDQIURPRQHLQWRLWVRWKHUVWDWH8QGHU89LUUDGLDWLRQWKHVXUIDFHWHQVLRQZDVVLJQLILFDQWO\
ORZHUHG FRPSDUHG WR PHDVXUHPHQWV DW GD\OLJKW 7DEOH  6ZLWFKLQJ WKH VXUIDFH WHQVLRQ ZDV
UHSHDWHG IRU DW OHDVW WKUHH HQWLUH F\FOHV ZLWK UHFRYHULQJ WKH LQLWLDO YDOXHV IRU DOO SKRWRFKURPLF
FRDWLQJV)LJXUH

)LJXUH&RQWDFWDQJOHPHDVXUHPHQWVRIDSRVWPRGLILHGS+($FRDWHG3(6PHPEUDQHPHPEUDQH63
XQGHU89LUUDGLDWLRQDQGDWGD\OLJKW
&RSRO\PHUL]DWLRQRI+(0$DQG6SLURS\UDQRQ0HPEUDQHV,QFOXGLQJ&RPSDULVRQZLWK
3RVWPRGLILHG0HPEUDQHV
$ RQHVWHS FRSRO\PHUL]DWLRQDSSURDFK ZDV VXFFHVVIXOO\ GHYHORSHG ,QVWHDG RI D SRO\PHUL]DWLRQ
SURFHVVIROORZHGE\DQHVWHULILFDWLRQVWHSDPRQRPHULFGHULYDWLYHRIVSLURS\UDQZDVDGGHGWRWKH
SRO\PHUL]DWLRQ SURFHVV 6FKHPH  63 ZDV XVHG IRU FRSRO\PHUL]DWLRQ ZLWK+(0$ZKHUHDV
+($ZDVFRSRO\PHUL]HGZLWK63
)RUWKHSRO\PHUL]DWLRQSURFHVVWKHVDPHFRQGLWLRQVDVIRUSXUH+(0$ZHUHDSSOLHG$PRQRPHU
FRQFHQWUDWLRQ RI 0ZDV FKRVHQ VLQFH WKLV FRQFHQWUDWLRQ JDYH WKHPRVW SURPLVLQJ UHVXOWV IRU
SRVWPRGLILFDWLRQDVVKRZHGDERYH:HLJKWJDLQZDVIRXQGWREHIRU+($63FRSRO\PHUL]DWLRQ
ZKHUHDVDZHLJKWJDLQRIZDVIRXQGIRU+(0$63FRSRO\PHUL]DWLRQ7KHVHYDOXHVDUHVOLJKWO\
ORZHUWKDQWKHYDOXHVIRXQGIRUWKHVXUIDFHLQGXFHGSRO\PHUL]DWLRQRI+(0$DORQHXVHGLQWKH
SRVWPRGLILFDWLRQDSSURDFK 7DEOH6LQFH VSLURS\UDQ LVD VWHULFGHPDQGLQJPRQRPHU WKDW FDQ
DOVRLQWHUDFWZLWKUDGLFDOV LWLVQRWVXUSULVLQJWKDWWKHGHJUHHRISRO\PHUL]DWLRQLVVRPHZKDW ORZHU
IRUWKHFRSRO\PHUL]DWLRQWKDQIRUKRPRSRO\PHUL]DWLRQRI+($DQG+(0$UHVSHFWLYHO\
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
6FKHPH6XUIDFHLQGXFHG$753RI+($DQG63RQDSRO\HVWHUVXUIDFH7KHUXOHGDUHDUHSUHVHQWVWKHSRO\HVWHU
7KHJUH\OD\HUUHSUHVHQWVWKHDPLQHFRQWDLQLQJSODVPDFRDWLQJWKDWZDVGHVFULEHGDERYH
7DEOH&RPSDULVRQRISKRWRFKURPLFPHPEUDQHVSURGXFHGLQDSRVWPRGLILFDWLRQRULQD
FRSRO\PHUL]DWLRQSURFHVV$OOUHDFWLRQVZHUHFRQGXFWHGDW&DQGTXHQFKHGDIWHUK:HLJKW
JDLQVZHUHFDOFXODWHGDIWHUSRVWPRGLILFDWLRQ5HDFWLRQFRQGLWLRQVDUHRQO\VKRZQIRUWKHSRO\PHUL]DWLRQ
SURFHVV3RVWPRGLILFDWLRQZDVSHUIRUPHGDVGHVFULEHGDERYH
 +(0$PPRO/ &X%UPPRO/ %LS\PPRO/ $VF$PPRO/ 63PPRO/ ZW +($     
 +($    63 
 +(0$     
 +(0$    63 
2WKHUWKDQWKHKRPRSRO\PHUL]DWLRQRI+($WKHSRO\PHUL]DWLRQNLQHWLFVRI+($PL[HGZLWK63
ZDVOLQHDUDQGKDGWKXVDOLYLQJFKDUDFWHU7KLVLQGLFDWHGDFRQVWDQWVSHHGRISRO\PHUL]DWLRQDWOHDVW
IRUWKHILUVWKRXUV63VORZVGRZQWKHSRO\PHUL]DWLRQSURFHVVGXULQJWKHILUVWKRXUVFRPSDUHG
WRQHDW+($SRO\PHUL]DWLRQEXWNHHSVSRO\PHUL]DWLRQVSHHGFRQVWDQWGXULQJWKHODWHUVWDWHRIWKH
SURFHVV)LJXUHFRPSDUHGWR)LJXUH

)LJXUH6XUIDFHSRO\PHUL]DWLRQNLQHWLFVRI+($ZLWK63RQ3(6PHPEUDQH
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
)LJXUH6(0SLFWXUHRIS+($FRDWHG3(6DDIWHUKRPRSRO\PHUL]DWLRQPHPEUDQHEDIWHU
FRSRO\PHUL]DWLRQZLWK63PHPEUDQH
&RPSDULQJ 6(0 SLFWXUHV RI D SRVWPRGLILHG DQG D FRSRO\PHUL]HG +($FRDWHG 3(6PHPEUDQH
VKRZHG D VLJQLILFDQW FKDQJH RI VXUIDFH WRSRJUDSK\ LQ ERWK FDVHV FRPSDUHG WR WKH RULJLQDO 3(6
PHPEUDQH7KHVWUXFWXUHGVXUIDFHREVHUYHGIRUWKHSRO\PHUL]DWLRQRISXUH+($ZDVQRWREVHUYHG
ZKHQ+($ZDVFRSRO\PHUL]HGZLWK63RQDSRURXV3(6VXUIDFH)LJXUH,QERWKFDVHVWKH
SRUHVRIWKHPHPEUDQHZHUHFRYHUHGE\WKHIRUPHGFRDWLQJ
&RPSDULVRQ RI WKH SHUPHDELOLW\ PHDVXUHPHQWV RI SRVWPRGLILHG DQG FRSRO\PHUL]HG PHPEUDQHV
VKRZHGWKDWSRVWPRGLILFDWLRQOHDGVWRDPRUHSURQRXQFHGVZLWFKLQJRIWKHSHUPHDELOLW\UHVLVWDQFH
&RSRO\PHUL]DWLRQ RI +($ DQG 63 UHVXOWHG LQ QR VZLWFK DW DOO ZKHUHDV FRSRO\PHUL]DWLRQ RI
+(0$ DQG 63 UHVXOWHG LQ D PLQLPDO VZLWFK RI WKH SHUPHDELOLW\ UHVLVWDQFH $OVR WKH FKDQJHV
FRQFHUQLQJ WKH FRQWDFW DQJOH ZHUH VLJQLILFDQWO\ ORZHU IRU FRSRO\PHUL]HG PHPEUDQHV WKDQ IRU
SRVWPRGLILHG RQHV $GGLWLRQDOO\ OHVV VSLURS\UDQ ZDV LQFRUSRUDWHG GXULQJ WKH FRSRO\PHUL]DWLRQ
SURFHVVWKDQGXULQJWKHSRVWPRGLILFDWLRQ7DEOH
7DEOH&RPSDULVRQRISHUPHDELOLW\UHVLVWDQFHVFRQWDFWDQJOHVVSLURS\UDQFRQWHQWDQGǋPD[RISRVWPRGLILHGDQG
FRSRO\PHUL]HG3(6PHPEUDQHV
 5'/VFP 589VFP &$'/ &$89 63RQ0HPZW ǋPD[QP
0HP30 · ·    
0HP&3 · ·    
0HP30 · ·    
0HP&3 · ·    
7KHIDFW WKDW IRUPHPEUDQHVZLWKHQWLUHO\FRYHUHGSRUHV WKHSHUPHDELOLW\UHVLVWDQFHZDVUHGXFHG
XQGHU89LUUDGLDWLRQUHYHDOHGWKDWWKHFDIIHLQHWUDQVSRUWWRRNSODFHWKURXJKWKHVZROOHQS+($63
UHVSHFWLYHO\S+(0$63PDWUL[

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6ROLGVWDWH899LVPHDVXUHPHQWV
)RU WKHILQDODSSOLFDWLRQRI WKHPHPEUDQH LW LV LPSRUWDQW WRKDYHDSURGXFW WKDWFDQEHXVHG IRU
VHYHUDOVZLWFKLQJF\FOHV7KHUHIRUHWKHVWDELOLW\WRZDUGV89LUUDGLDWLRQRIWKHSURGXFHGPHPEUDQHV
ZDVPHDVXUHG

)LJXUH)DGLQJUDWHPHDVXUHPHQWOHIWDQGULQJFORVLQJUHDFWLRQNLQHWLFVPHDVXUHPHQWXQGHUGDUNFRQGLWLRQV
ULJKWRISRVWPRGLILHGS+($63FRDWHG3(6PHPEUDQH635HIOHFWLRQ5LQRIWKHPHPEUDQHDWǋPD[
VHH7DEOHZDVPHDVXUHGRYHUWLPHIRUERWKPHDVXUHPHQWV
,W ZRXOG EH D SRVVLELOLW\ WR SURORQJ WKHPHPEUDQH·V OLIHVSDQ E\ LOOXPLQDWLQJ WKHPHPEUDQHZLWK
SXOVHG89OLJKW7KH ORQJHU WKH WLPHVSDQEHWZHHQ WZR89SXOVHV FDQEH FKRVHQ WKH ORQJHU WKH
PHPEUDQHZLOOVXUYLYH/RQJSHULRGVEHWZHHQWKHSXOVHVDUHRQO\UHDVRQDEOHZKHQWKHULQJFORVLQJ
UHDFWLRQ RI WKH FRQFHUQLQJ VSLURS\UDQ LV VORZ KRZHYHU 7KHUHIRUH WKH ULQJFORVLQJ NLQHWLFV ZDV
PHDVXUHGXQGHUGDUNFRQGLWLRQV
3RVWPRGLILHG PHPEUDQHV VKRZHG D PLQLPDO IDGLQJ ZLWK D OLQHDU IDGLQJ UDWH RYHU  KRXUV DQG
FRQVWDQW ULQJ FORVLQJ NLQHWLFV RYHU  PLQXWHV )LJXUH  ,Q FRQWUDVW WKH FRSRO\PHUL]HG
PHPEUDQHV VKRZHG D KLJK IDGLQJ UDWH DSSURDFKLQJ D SODWHDX DOUHDG\ DIWHU  KRXUV5LQJFORVLQJ
NLQHWLFV ZDV DOVR IRXQG WR EHPXFK IDVWHU IRU FRSRO\PHUL]HG FRDWLQJV )LJXUH  7KH KLJKHU
VWDELOLW\WRZDUGV89LUUDGLDWLRQRISRVWPRGLILHGPHPEUDQHVFRUURERUDWHGWKHWKHRU\WKDWWKHZD\
WKHVSLURS\UDQZDVLQFRUSRUDWHGLQWRWKHSRO\PHUPDWUL[LVFUXFLDO

)LJXUH)DGLQJUDWHPHDVXUHPHQWOHIWDQGULQJFORVLQJUHDFWLRQNLQHWLFVPHDVXUHPHQWXQGHUGDUNFRQGLWLRQV
ULJKWRIFRSRO\PHUL]HGS+($63FRDWHG3(6PHPEUDQH5HIOHFWLRQ5LQRIWKHPHPEUDQHDWǋPD[VHH
7DEOHZDVPHDVXUHGRYHUWLPHIRUERWKPHDVXUHPHQWV

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,Q JHQHUDO S+(0$ FRDWLQJV VKRZHG ORZHU IDGLQJ UDWHV FRPSDUHG WR VLPLODUO\ SURGXFHG S+($
FRDWLQJV/RZHVW IDGLQJ UDWH FRPELQHGZLWK VORZHVW ULQJ FORVLQJ NLQHWLFVZDV IRXQG IRU S+(0$
FRDWHG SRVWPRGLILHG PHPEUDQH  9HU\ VLPLODU UHVXOWV ZHUH IRXQG IRU S+($FRDWHG
SRVWPRGLILHGPHPEUDQH7DEOH
7KH IDGLQJ UDWHV DQG WKH ULQJFORVLQJ NLQHWLFV RI SRVWPRGLILHG VDPSOHV VWURQJO\ GHSHQGHG RQ WKH
DPRXQW RI FRDWLQJ7KHPRUH FRDWLQJ WKHUHZDV RQ DPHPEUDQH WKH ORZHU IDGLQJ UDWHV DQG WKH
VORZHU NLQHWLFV ZHUH IRXQG 7KHUHIRUH LW FDQ EH FRQFOXGHG WKDW WKHUH LV DQ LQWHUDFWLRQ RI WKH
SRO\PHUZLWKVSLURS\UDQLQVXFKDPDQQHUWKDWWKHPROHFXODUVZLWFKZDVVWDELOL]HGLQLWV0&VWDWH
DQGWRZDUGV89LUUDGLDWLRQ7KHQDWXUHRIWKHLQYROYHGLQWHUDFWLRQVLVXQFOHDUDWWKHPRPHQW0RUH
DQGSUREDEO\PRUH FRPSOH[ H[SHULPHQWVKDYH WR EHSHUIRUPHG WR ILQG VROLG H[SODQDWLRQV IRU WKH
REVHUYHGSKHQRPHQD
7DEOH5LQJFORVLQJUHDFWLRQNLQHWLFVIDGLQJUDWHXQGHU89LUUDGLDWLRQDQGǋPD[RIWKH
GLIIHUHQWSKRWRFKURPLF3(6PHPEUDQHV
6DPSOH

)DGLQJUDWH
©5PLQ
5LQJFORVLQJNLQHWLFV
©5PLQ
ǋPD[
QP
0HP6330+($   
0HP6330+($   
0HP6330+(0$   
0HP6330+(0$   
0HP&3+($   
0HP&3+(0$   













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
 &21&/86,21$1'287/22.
'HYHORSPHQW RI VXUIDFH LQGXFHG SRO\PHUL]DWLRQ RQ WUDFNHWFKHG SRO\HVWHU PHPEUDQHV ZDV
VXFFHVVIXOO\DFKLHYHGIRU+($DQG+(0$DVPRQRPHUE\XVLQJDQ$5*(7$753SURFHVV2WKHU
$753DSSURDFKHVZLWK WKHDGGLWLRQRI&X,,DQGZLWKRXWUHGXFLQJVSHFLHVZHUHQRW VXLWDEOH IRU
WKLV V\VWHP 7KH PRQRPHU FRQFHQWUDWLRQ KDG D KLJK LPSDFW RQ WKH DPRXQW RI JUDIWHG FRDWLQJ
(VWHULILFDWLRQ RI WKH SRO\PHULF VLGH FKDLQV ZLWK VSLURS\UDQ UHVXOWHG LQ SKRWRFKURPLF FRDWLQJV
&RSRO\PHUL]DWLRQ RI PRQRPHULF VSLURS\UDQ ZLWK HLWKHU +($ RU +(0$ DSSO\LQJ LGHQWLFDO
FRQGLWLRQV DV IRU SXUH +(0$ UHVXOWHG DV ZHOO LQ SKRWRFKURPLF PHPEUDQHV +RZHYHU WKH
DGGLWLRQDO VSLURS\UDQPRQRPHU KDG DQ LQIOXHQFH RQ WKH SRO\PHUL]DWLRQ NLQHWLFV )RU WKH +($
SRO\PHUL]DWLRQ WKH DGGLWLRQ RI WKH VSLURS\UDQ DFU\ODWH LPSURYHG WKH OLYLQJ FKDUDFWHU RI WKH
SRO\PHUL]DWLRQ
7KHIRUPHGSKRWRFKURPLFPHPEUDQHVFKDQJHGWKHLUFDIIHLQHSHUPHDELOLW\UHVLVWDQFHVWULJJHUHGE\
OLJKW 3RVWPRGLILHG PHPEUDQHV VKRZHG KLJKHU VZLWFKLQJ FRPELQHG ZLWK ORZHU IDGLQJ UDWHV DQG
VORZHU ULQJFORVLQJ UHDFWLRQ $GGLWLRQDOO\ SRVWPRGLILFDWLRQ HDVHV WKH DQDO\VLV RI WKH FRDWLQJ $
KRPRSRO\PHU ZDV FUHDWHG GXULQJ WKH ILUVW UHDFWLRQ VWHS ,QWURGXFWLRQ RI WKH SKRWRFKURPLF
PROHFXODU VZLWFK IROORZHG LQ D VHFRQG VWHS 7KLV DOORZHG GHWHUPLQDWLRQ RI WKH LQFRUSRUDWHG
DPRXQWV E\ ZHLJKLQJ WKH VDPSOHV DIWHU HDFK VWHS 8VXDOO\ S+(0$ FRDWHG PHPEUDQHV VKRZHG
EHWWHUUHVXOWVUHJDUGLQJVZLWFKLQJSRWHQWLDOWKDQS+($FRDWHGPHPEUDQHV
*HQHUDOO\ LWZDV IRXQG WKDW DQ LQWHUPHGLDWH DPRXQWRI FRDWLQJ LV EHQHILFLDO IRU DZHOO RSHUDWLQJ
PHPEUDQH,IWKHFRDWLQJEHFDPHWRRWKLFNQRSHUPHDELOLW\ZDVDQ\PRUHPHDVXUDEOH2QWKHRWKHU
KDQGLIWKHFRDWLQJZDVWRRWKLQQRFKDQJHLQSHUPHDELOLW\ZDVGHWHFWHG6LQFHWKHJUDIWHGSRO\PHU
FRDWLQJHQWLUHO\FRYHUHGWKHSRUHVLQWKHEHVWVZLWFKLQJPHPEUDQHVLWZDVDVVXPHGWKDWQRQSRURXV
PHPEUDQHVZHUHFUHDWHGZLWKDVLPLODUGLIIXVLRQWUDQVSRUWPHFKDQLVPDVWKHPHPEUDQHVGLVFXVVHG
LQ WKH IROORZLQJ FKDSWHU $ JRRG FRQWURO RYHU WKH DPRXQW RI JUDIWHG SRO\PHU UHYHDOHG WR EH
HVVHQWLDO 7KHUHIRUH D OLYLQJ FKDUDFWHU RI WKH SRO\PHUL]DWLRQ LV QHFHVVDU\ ZKLFK IRU WKH
KRPRSRO\PHUL]DWLRQZDVREVHUYHGZLWK+(0$DVPRQRPHU,QFRQWUDVW+($GLGQRWVKRZDUHDO
OLYLQJSRO\PHUL]DWLRQFKDUDFWHU8SWRQRZRQO\WKUHHGLIIHUHQWPRQRPHUFRQFHQWUDWLRQVKDYHEHHQ
FRPSDUHG 6LQFH LW ZDV IRXQG WKDW PRQRPHU FRQFHQWUDWLRQ KDV D ELJ LPSDFW RQ WKH DPRXQW RI
FRDWLQJ WKDWZDV JUDIWHG WR WKHPHPEUDQH D GHWDLOHG RSWLPL]DWLRQ RI WKH SRO\PHUL]DWLRQ SURFHVV
UHJDUGLQJPRQRPHUFRQFHQWUDWLRQVWLOOKDVWREHGRQH,WZRXOGEHLQWHUHVWLQJWRVHHLILWLVSRVVLEOH
WRWXQHWKHSRO\PHUOHQJWKVXFKWKDWZKHQVWUHWFKHGRXWWKH\ZRXOGMXVWFORVHWKHSRUHVZKLOHZKHQ
FRQWUDFWHG WKH SRUHV ZRXOG RSHQ 7KLV FKDQJH FRXOG EH WULJJHUHG E\ FKDQJLQJ IURP WKH SRODU
PHURF\DQLQHVWDWHWRWKHOHVVSRODUVSLURS\UDQVWDWH,QVXFKDFDVHDUHYHUVHGSHUPHDELOLW\FKDQJH
ZRXOGEHH[SHFWHG
 
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 :$%UDXQHFNHUDQG.0DW\MDV]HZVNL3URJUHVVLQ3RO\PHU6FLHQFH
 603DWHUVRQ'+%URZQ79&KLULOD,.HHQ$.:KLWWDNHUDQG09%DNHU-RXUQDORI3RO\PHU6FLHQFH
3DUW$3RO\PHU&KHPLVWU\
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 6&RFD&%-DVLHF]HN./%HHUVDQG.0DW\MDV]HZVNL-RXUQDORI3RO\PHU6FLHQFH3DUW$3RO\PHU&KHPLVWU\
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 ./5RELQVRQ0$.KDQ09GH3D]%ixH];6:DQJDQG63$UPHV0DFURPROHFXOHV
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 -.2K+'RQJ5=KDQJ.0DW\MDV]HZVNLDQG+6FKODDG-RXUQDORI3RO\PHU6FLHQFH3DUW$3RO\PHU
&KHPLVWU\
 .0LQ6<X+L/HH/0XHOOHU666KHLNRDQG.0DW\MDV]HZVNL0DFURPROHFXOHV
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 5$GHOPDQQ30HOD02*DOO\DPRY+.HXODQG00|OOHU-RXUQDORI3RO\PHU6FLHQFH3DUW$3RO\PHU
&KHPLVWU\
 .+)ULHV-''ULVNHOO66DPDQWDDQG-/RFNOLQ$QDO\WLFDO&KHPLVWU\
 16KDR-<-LQ60&KHXQJ5+<DQJ:+&KDQDQG70R$QJHZDQGWH&KHPLH
 &9HQWXUD5%\UQH)$XGRXLQDQG$+HLVH-RXUQDORI3RO\PHU6FLHQFH3DUW$3RO\PHU&KHPLVWU\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
 4-LQ*/LXDQG--L-RXUQDORI3RO\PHU6FLHQFH3DUW$3RO\PHU&KHPLVWU\
 6*XLPRQG86FKW]%+DQVHOPDQQ(.|UQHUDQG'+HJHPDQQ6XUIDFHDQG&RDWLQJV7HFKQRORJ\
6XSSOHPHQW66
 '+HJHPDQQ(.|UQHU1%ODQFKDUG0'UDELNDQG6*XLPRQG$SSOLHG3\VLFV/WWHUV
 5.'LHWHU/$6LONV-$)LVKSDXJKDQG0(.DVWQHU-RXUQDORIWKH$PHULFDQ&KHPLFDO6RFLHW\

 -+5DPPLQ0DWKHPDWLVFK1DWXUZLVVHQVFKDIOWLFKHV)DNXOWlW8QLYHUVLW\RI=XULFK=ULFK
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 ,1752'8&7,21
:RUNLQJZLWKSRURXVVXEVWUDWHPHPEUDQHVDQGFRDWLQJVDOORZHGRQO\OLPLWHGDGDSWLRQRIWKHEDVLF
SHUPHDELOLW\ UHVLVWDQFH 7KHUHIRUH GHYHORSLQJ QRQSRURXV PHPEUDQHV ZLWK DGMXVWDEOH EDVLF
SHUPHDELOLW\ UHVLVWDQFHVZDV WKHDLPRI WKH IROORZLQJ LQYHVWLJDWLRQ7KHSHUPHDELOLW\ UHVLVWDQFHRI
DPSKLSKLOLF FRQHWZRUNV ZDV H[SHFWHG WR EH WXQDEOH E\ FKDQJLQJ WKH WKLFNQHVV DQGRU WKH
FRPSRVLWLRQRIWKHPHPEUDQH
$PSKLSKLOLF FRQHWZRUNV DUH GHILQHG DV WZRFRPSRQHQW QHWZRUNV RI FRYDOHQWO\ LQWHUFRQQHFWHG
K\GURSKLOLFDQGK\GURSKRELFSKDVHVRIFRFRQWLQXRXVPRUSKRORJ\6FKHPHDVVXFKWKH\VZHOO
ERWK LQ ZDWHU DQG K\GURFDUERQV DQG UHVSRQG WR FKDQJHV LQ WKH VXUURXQGLQJ E\ PRUSKRORJLFDO
LVRPHUL]DWLRQ
7RJHWDIXQFWLRQDODPSKLSKLOLFFRQHWZRUNLW LV LPSRUWDQWWKDWK\GURSKLOLFDVZHOODVK\GURSKRELF
FRPSRQHQWV DUH LQ FRQWLQXRXV SKDVHV ,I RQH FRPSRQHQW LV GLVSHUVHG LQ WKH RWKHU RQH VZHOOLQJ
FDSDELOLW\RIWKHGLVSHUVHGSKDVHZRXOGVWURQJO\EHORZHUHGRUWRWDOO\YDQLVKHG,IIRUH[DPSOHWKH
K\GURSKRELFSKDVHZRXOGQRWEHFRQWLQXRXVQRRURQO\OLWWOHVZHOOLQJLQKH[DQHZRXOGEHGHWHFWDEOH
VLQFH WKH K\GURSKRELF SDUW ZRXOG EH LVRODWHG IURP WKH VROYHQW E\ WKH FRQWLQXRXV K\GURSKLOLF
GRPDLQV
7KHUH DUH WKUHH PDLQ URXWHV WR SUHSDUH DPSKLSKLOLF FRQHWZRUNV  D UDQGRP IUHH UDGLFDO
FRSRO\PHUL]DWLRQ RI PRQRPHUV ZLWK ELWHOHFKHOLF PDFURPROHFXOHV   6FKHPH   E ,RQLF
VHTXHQWLDO OLYLQJ SRO\PHUL]DWLRQ  6FKHPH   F FKHPLFDO FRPELQDWLRQ RI K\GURSKLOLF DQG
K\GURSKRELFSUHSRO\PHUV6FKHPH
7R DYRLG SKDVH VHSDUDWLRQ RI WKH LQFRPSDWLEOH K\GURSKLOLF DQG K\GURSKRELF SUHFXUVRUV EHIRUH
FURVVOLQNLQJRIWKHPDWHULDOVHYHUDOVWUDWHJLHVDUHSRVVLEOH8VLQJDQDPSKLSKLOLFVROYHQWHJ7+)
LV RQH SRVVLELOLW\ ,W DOORZV WKH HDV\PL[LQJ RI WKH SUHFXUVRUV WR DFKLHYH D KRPRJHQHRXVPL[WXUH
$QRWKHU VWUDWHJ\ WKDW ZDV DSSOLHG VRPHWLPHV LV WR VWDUW ZLWK D SURWHFWHG PRQRPHU   ,I WKH
SURWHFWLQJ JURXSDOWHUV WKHK\GURSKLOLFLW\ RI WKHPRQRPHU WR VXFKDQ H[WHQW WKDW LW FDQEHPL[HG
ZLWKWKHVHFRQGPRQRPHUQRIXUWKHUPL[LQJVWUDWHJ\LVQHHGHG

6FKHPH6FKHPDWLFUHSUHVHQWDWLRQRIDQDPSKLSKLOLFFRQHWZRUNEULJKWK\GURSKRELFSKDVHGDUNK\GURSKLOLF
SKDVH%RWKSKDVHVDUHFRQWLQXRXVDQGFRQQHFWHGWRWKHVXUIDFH
 1213252863+272&+520,&0(0%5$1(6&216,67,1*2)$03+,3+,/,&&21(7:25.6

6FKHPH0DLQURXWHVIRUWKHSURGXFWLRQRIDPSKLSKLOLFFRQHWZRUNVUDQGRPIUHHUDGLFDOFRSRO\PHUL]DWLRQ
LRQLFVHTXHQWLDOOLYLQJSRO\PHUL]DWLRQFKHPLFDOFRPELQDWLRQRISUHSRO\PHUV
WULPHWK\OVLO\OR[\HWK\O DFU\ODWH 706+($ LV NQRZQ WR EH PLVFLEOH ZLWK ELWHOHFKHOLF
SRO\GLPHWK\OVLOR[DQH3'06
7KHSURWHFWLRQJURXSORZHUVWKHK\GURSKLOLFLW\RI+($VXFKWKDW
LW EHFRPHV ZHOO PLVFLEOH ZLWK 3'06
 6LQFH 706+($ DV ZHOO DV 3'06
 DUH OLTXLG DW URRP
WHPSHUDWXUHQRDGGLWLRQDOVROYHQWLVQHHGHG$IWHUWKHSRO\PHUL]DWLRQDQGFURVVOLQNLQJSURFHVVWKH
706JURXSFDQHDVLO\DQGTXDQWLWDWLYHO\EHUHPRYHGWRREWDLQDQDPSKLSKLOLFFRQHWZRUN
$PSKLSKLOLFFRQHWZRUNVEDVHGRQ+($DQGWKHPDFURPRQRPHU3'06
DUHDSURPLVLQJFODVVRI
PDWHULDOVIRUVHQVRUVSKDVHWUDQVLWLRQUHDFWLRQVRUQDQRUHDFWRUV
1HYHUWKHOHVVRQO\DIHZJURXSVKDYHSXEOLVKHGRQVXFKPDWHULDOVXSWRQRZ:HUHSRUWIRUWKHILUVW
WLPH RQ WKH LQFRUSRUDWLRQ RI OLJKWUHVSRQVLYH PROHFXOHV LQWR +($3'06
 EDVHG DPSKLSKLOLF
FRQHWZRUNV WR FUHDWH SKRWRFKURPLF PHPEUDQHV $V GLVFXVVHG LQ WKH SUHYLRXV WZR FKDSWHUV ZH
FRPSDUHGD FRSRO\PHUL]DWLRQDQGDSRVWPRGLILFDWLRQSURFHVV3UHIRUPLQJRIDQRQSKRWRFKURPLF
DPSKLSKLOLFFRQHWZRUNDOORZVDQDGGLWLRQDOSRVWPRGLILFDWLRQ VWHSGXH WR WKHUHDFWLYH IUHHDOFRKRO
JURXSV &RSRO\PHUL]DWLRQ RI DOO FRPSRQHQWV LQ D VLQJOH VWHS LQYROYHV WKH SRWHQWLDO ULVN WKDW
VSLURS\UDQGLVWXUEVRULQKLELWVWKHSRO\PHUL]DWLRQSURFHVV

 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 (;3(5,0(17$/
0DWHULDOVDQGJHQHUDOPHWKRGV
0LFURVFRSHJODVVVOLGHVIURP7KHUPR6FLHQWLILFZHUHXVHGDVVXSSRUWDQGFRYHUIRUWKHPHPEUDQH
SURGXFWLRQ6HOIDGKHVLYHWDSH7HVDILOPXQLYHUVDOWUDQVSDUHQWZDVXVHGDVVSDFHUXQLWEHWZHHQWKH
WZRJODVVVOLGHVWULPHWK\OVLO\OR[\HWK\ODFU\ODWH706+($DQGSRO\GLPHWK\OVLOR[DQH²
PHWKDFU\OR[\SURS\O WHUPLQDWHG 3'06
 WRPRQRPHUXQLWVZHUHSXUFKDVHG IURP$%&5
706+($ZDVGLVWLOOHGXQGHUUHGXFHGSUHVVXUHEHIRUHXVDJHDQGVWRUHGLQWKHIUHH]HUIRUQRPRUH
WKDQ RQH PRQWK ,UJDFXUH  DQG ,UJDFXUH  ZHUH SURYLGHG E\ %$6) 11
'LF\FORKH[\OFDUERGLLPLGH '&&  GLPHWK\O DPLQRS\ULGLQH '0$3  WHUW
EXW\OPHWK\OHWKHU7%0(DQGEXWDQRQH0(.ZHUHREWDLQHGIURP6LJPD$OGULFK
7HWUDK\GURIXUDQ7+)DQDO\WLFDOJUDGHZDVSXUFKDVHGIURP)LVKHU&KHPLFDOV+H[DQH+[
ZDV REWDLQHG IURP%LRVROYH &DIIHLQH UHDJHQW SOXV DQG11GLPHWK\OIRUPDPLG '0) SXUXP
ZHUHSXUFKDVHGIURP)OXND6SLURS\UDQVZHUHV\QWKHVL]HGDQGQDPHGDFFRUGLQJWR&KDSWHU7KH
UHOHYDQWVWUXFWXUHVIRUWKLVFKDSWHUFDQEHVHHQLQ)LJXUH

)LJXUH8VHGSKRWRFKURPLFVSLURS\UDQVIRUWKHGLIIHUHQWDPSKLSKLOLFFRQHWZRUNV
$OOFKHPLFDOVXQOHVVVWDWHGRWKHUZLVHZHUHXVHGDVGHOLYHUHGZLWKRXWIXUWKHUSXULILFDWLRQ'LVWLOOHG
ZDWHUIURPWKHLQKRXVHVXSSO\ZDVXVHGXQOHVVVWDWHGRWKHUZLVH899LVPHDVXUHPHQWVRIDOOOLTXLG
VDPSOHVZHUHSHUIRUPHGRQD9DULDQ%LR035)RUZHLJKLQJD0HWWOHU7ROHGR$%6DQGD
0HWWOHU 0( ZHUH XVHG ,5 PHDVXUHPHQWV ZHUH SHUIRUPHG RQ D %UXNHU $/3+$ )7,5
VSHFWURPHWHU6FDQQLQJHOHFWURQ0LFURVFRS\6(0SLFWXUHVZHUHUHFRUGHGRQD+LWDFKL6$OO
6(0VDPSOHVZHUHFRDWHGZLWKDJROGOD\HURIDERXWQP;UD\SKRWRHOHFWURQVSHFWURVFRS\;36
ZDV SHUIRUPHG RQ D 3+,  VSHFWURPHWHU 3URILORPHWULF PHDVXUHPHQWV ZHUH SHUIRUPHG RQ D
'HWDNIURP9HFFR
3UHSDUDWLRQRIDPSKLSKLOLFFRQHWZRUN
0ROG7KHWKLFNQHVVRIWKHPHPEUDQHZDVDGMXVWHGE\WKHQXPEHURIWHVDILOPVWULSHVZKLFKZHUH
VWXFNRQHDFKRWKHUDVVSDFHUV6FKHPH(DFKVWULSHLVDERXWPWKLFN6LQFHWKHVSDFHUZDV
EXLOWXSRIIRXUOD\HUVRIWDSHPHPEUDQHVZLWKDWKLFNQHVVRIPZHUHIRUPHG

 1213252863+272&+520,&0(0%5$1(6&216,67,1*2)$03+,3+,/,&&21(7:25.6

6FKHPH0ROGIRUWKHSUHSDUDWLRQRIPHPEUDQHVPDGHRIDPSKLSKLOLFFRQHWZRUNV
1HWZRUNZLWKRXW 63$IWHU SUHPL[LQJ706+($ZLWK ,UJDFXUH  3'06
ZDV DGGHG DQG WKH
PL[WXUHZDVYRUWH[HGIRUPLQXWHV7KHSUHSDUHGVXSSRUWLQJJODVVVOLGHZDVJHQHURXVO\VRXVHGZLWK
PRQRPHU VROXWLRQ7KHQ WKH V\VWHPZDV FRYHUHGZLWK D VHFRQG JODVV,OOXPLQDWLRQZLWK89OLJKW
QP:PLQLWLDWHGWKHSRO\PHUL]DWLRQSURFHVV7KHPHPEUDQHZDVLOOXPLQDWHGWKUHHWLPHV
IRURQHPLQXWHIURPERWKVLGHV$IWHUWKDWWKHVOLGHVZHUHGXQNHGLQWRDPL[WXUHRIP/7+)
DQGP/ZDWHU VOLJKWO\ DFLGLILHGZLWK/DTXHRXV+&O$IWHU KRXUV WKHPHPEUDQHZDV
UHPRYHGIURPWKHEDWKDQGVWRUHGLQSXUHZDWHU7ZRGLIIHUHQWUDWLRVRI706+($WR3'06
ZHUH
SURGXFHGDVFDQEHVHHQLQ7DEOH
7DEOH5DWLRRI+($3'06
DQGSKRWRLQLWLDWRUIRUSRVWPRGLILFDWLRQ
30DSSURDFKHV
1HWZRUN+($3'06
ZW
706+($
JPPRO
3'06

JPPRO
,UJDFXUH
PPRO
   
   
1HWZRUNZLWK63706+($ZDVSUHPL[HGZLWK63$IWHUZDUGV3'06
ZDVDGGHGDQGVKDNHQ
YLJRURXVO\ IRU RQH PLQXWH 8QGHU UHG OLJKW ,UJDFXUH  ZDV DGGHG DQG WKH PL[WXUH ZDV DJDLQ
VKDNHQ YLJRURXVO\ IRU PLQXWHV7KHSUHSDUHG VXSSRUWLQJ JODVV VOLGHZDV JHQHURXVO\ VRXVHGZLWK
PRQRPHUVROXWLRQ7KHQWKHV\VWHPZDVFRYHUHGZLWKDVHFRQGJODVV$IWHUWKDWZKLWHOLJKW:
EXOEZDVWXUQHGRQDQGDIWHU LUUDGLDWLQJWKHPHPEUDQHIRUPLQXWHVIURPHDFKVLGH WKHVOLGHV
ZHUHGXQNHGLQWRDPL[WXUHRI7+)DQGZDWHUYRO$IWHUKRXUV WKHPHPEUDQHZHUH
UHPRYHGIURPWKHJODVVVOLGHVDQGVWRUHGLQZDWHU7KUHHGLIIHUHQWUDWLRVRI706+($WR3'06

ZHUHXVHGWRSURGXFHVXFKPHPEUDQHV7DEOH
3RVW0RGLILFDWLRQ
$URXQGERWWRPIODVNZDVHTXLSSHGZLWKDVWLUUHUDQGDSURWHFWLQJJULG7KHIODVNZDVGULHGXQGHU
UHGXFHGSUHVVXUHZLWKDKHDWJXQDQGIORRGHGZLWKDUJRQ63PJPPRO'&&PJ
PPRO'0$3PJPPRODQGP/'0)ZHUHDGGHG WR WKH IODVN$PHPEUDQH
7DEOH5DWLRRI+($3'06
DQGSKRWRLQLWLDWRUIRUFRSRO\PHUL]DWLRQ&3
DSSURDFKHV
1HWZRUN+($3'06
ZW
706+($
JPPRO
3'06

JPPRO
,UJDFXUH
PPRO
63
PPRO
    
    
    
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ZLWKRXW63WKDWKDGEHHQVWRUHGLQ'0)IRUDWOHDVWKRXUVZDVDGGHGDQGWKHZKROHPL[WXUHZDV
JHQWO\VWLUUHGDWURRPWHPSHUDWXUHIRUKRXUV
3HUPHDELOLW\
$OOPHDVXUHPHQWVZHUHSHUIRUPHGLQD)UDQ]GLIIXVLRQFHOOSXUFKDVHGIURP6(6$QDO\VH6\VWHPH
ZLWKDUHFHSWRUYROXPHRIP/DQGDQRULILFHDUHDRIFP0DVVWUDQVIHUUDWHVRIFDIIHLQH
ZHUHPHDVXUHGXQGHU89LUUDGLDWLRQQP:PDQGDWGD\OLJKW$IWHUILOOLQJWKHUHFHSWRU
FKDPEHUZLWKZDWHUP/ WKHPHPEUDQHZDV IL[HG LQ WKHGLIIXVLRQFHOO7KHGRQRUFKDPEHU
ZDVFKDUJHGZLWKDFDIIHLQHVROXWLRQP0P/6DPSOHV/ZHUHFROOHFWHGIURPWKH
UHFHSWRU SDUW RI WKH FHOO DIWHU             DQG  KRXUV 7KH FDIIHLQH
FRQFHQWUDWLRQV RI WKHVH VDPSOHV ZHUH DVVLJQHG E\ PHDVXULQJ LWV 89 DEVRUSWLRQ DW  QP
5HVLVWDQFH5LQVFPRIDPHPEUDQHZDVFDOFXODWHGDFFRUGLQJWR)LFN·VODZXVLQJWKHIRUPXODܴ ൌ ௱௖ி 
ZKHUHĈF UHSUHVHQWV WKH GLIIHUHQFH RI FDIIHLQH FRQFHQWUDWLRQ FRPSDULQJ WKH GRQRU FRPSDUWPHQW
ZLWKWKHUHFHSWRUSDUWRIWKHXVHGIUDQ]FHOOĈFZDVDVVXPHGWREHFRQVWDQWRYHUWKHWLPHIUDPHRI
WKH PHDVXUHPHQW ) ZDV WKH PROHFXODU IOX[ LQ DPRXQW SHU WLPH SHU DUHD  3HUPHDELOLW\
PHDVXUHPHQWV IRU DOO WUHDWHG PHPEUDQHV ZHUH SHUIRUPHG GLUHFWO\ DIWHU WKH SURGXFWLRQ $OO
PHPEUDQHV ZHUH VWRUHG LQ ZDWHU WR SUHFRQGLWLRQ WKH PHPEUDQHV IRU WKH SHUPHDELOLW\
PHDVXUHPHQWV
&RQWDFWDQJOH
$OOPHDVXUHPHQWVZHUHSHUIRUPHGRQD.UVV*$7KHPHPEUDQH²IL[HGZLWKDVWDQGDUGWDSHLI
QHFHVVDU\²ZDVSRVLWLRQHGRQDPHWDO2ULQJ$GURSRIQDQRSXUHZDWHUĨ/ZDVSRVLWLRQHGRQ
WKDWSDUWRIWKHPHPEUDQHVXUIDFHZKLFKZDVQRWLQFRQWDFWZLWKWKH2ULQJ7RPHDVXUHWKHLPSDFW
RIVZLWFKLQJVSLURS\UDQRQWKHVXUIDFHWHQVLRQRIWKHPHPEUDQHWKH&$ZDVPHDVXUHGILUVWDWGD\
OLJKW7KHQ WKHPHPEUDQHZDV LOOXPLQDWHGZLWK89OLJKW QP:P IRUPLQXWHDQG WKH
FRQWDFWDQJOHZDVPHDVXUHGDJDLQ
6ZHOOLQJRIPHPEUDQHV
$OOGLPHQVLRQVZHUHFDOOLSHUHGZLWKDQ$QWLFKRF IURP7HVD$PHPEUDQHZDVGULHG IRU
RQH GD\ LQ WKH GHVLFFDWRU RYHUPROHFXODU VLHYHV$IWHUZDUGV LWV YROXPH 9 ZDV GHWHUPLQHG E\
PHDVXULQJWKHVLGHOHQJWKVDQGWKHWKLFNQHVV7KHQWKHPHPEUDQHZDVSODFHGLQWRZDWHURUKH[DQH
IRUKDQGWKHYROXPH9ZDVPHDVXUHGDJDLQ)RUPHDVXULQJWKHLPSDFWRIWKH0&VWDWHRQWKH
VZHOOLQJ EHKDYLRU D PHPEUDQH ZDV LOOXPLQDWHG ZLWK 89OLJKW  QP :P IRU  PLQXWH
EHIRUH VZHOOLQJ LQZDWHU(DFKPHDVXUHPHQWZDV UHSHDWHG WKUHH WLPHV7KH YROXPHWULFGHJUHHRI
VZHOOLQJ6ZDVFDOFXODWHGE\XVLQJWKHIROORZLQJIRUPXODܵ ൌ ௏భ௏బ
,5PHDVXUHPHQWV
)LUVW WKH VXUIDFH RI WKH PHPEUDQH ZDV PHDVXUHG E\ VWDQGDUG PHDVXULQJ SURFHGXUH 7KHQ WKH
PHPEUDQH ZDV IUR]HQ ZLWK OLTXLG QLWURJHQ DQG SHVWOHG WR D SRZGHU 7KLV SRZGHUZDVPHDVXUHG
DJDLQWRREWDLQLQIRUPDWLRQDERXWWKHLQQHUIDFHRIWKHPHPEUDQH
ሺͳሻ
ሺʹሻ
 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$)0PHDVXUHPHQWV
7KHPHDVXUHPHQWVZHUHSHUIRUPHGRQD9HHFR(QYLURVFRSHZLWKD9LVWDSUREHVWLS)05
1PN+=$OOPHDVXUHPHQWVZHUHSHUIRUPHGLQWDSSLQJPRGH
6ROLGVWDWH899LVPHDVXUHPHQWV
$OOPHDVXUHPHQWV ZHUH SHUIRUPHG RQ D /DPEGD  LQ WKH WUDQVLWLRQPRGH89 LOOXPLQDWLRQZDV
DOZD\VDWQPZLWKDQLQWHQVLW\RI:P7KHPHPEUDQHLWVHOIVWRUHGDWGD\OLJKWZDVXVHGIRU
WKHEDVHOLQHPHDVXUHPHQWV$IWHULOOXPLQDWLQJWKHPHPEUDQHIRUPLQXWHZLWK89OLJKW:P
QPWKHVSHFWUXPRIWKHPHPEUDQHZDVPHDVXUHGDQGWKHPD[LPDODEVRUEDQFHZDVGHWHFWHG
7KH PHPEUDQH ZDV WKHQ LOOXPLQDWHG ZLWK 89OLJKW IRU ILYH PRUH PLQXWHV $IWHUZDUGV WKH
DEVRUSWLRQ DW WKH DVVLJQHG PD[LPXP ZDV PHDVXUHG RYHU D WLPH VSDQ RI  PLQXWHV WR REWDLQ
LQIRUPDWLRQ DERXW ULQJFORVLQJ NLQHWLFV RI WKH VSLURFRPSRXQGV XQGHU GDUN FRQGLWLRQV DW URRP
WHPSHUDWXUH6XEVHTXHQWO\WKHPHPEUDQHZDVLOOXPLQDWHGIRUKRXUVZLWK89OLJKW$IWHU
     DQG PLQXWHV WKH DEVRUSWLRQ DW WKH DVVLJQHGPD[LPXPZDVPHDVXUHG WR
REWDLQ LQIRUPDWLRQ DERXW WKH VSHHG RI GHFRPSRVLWLRQ RI WKH VSLURFRPSRXQGV XQGHU 89
LUUDGLDWLRQ 6LQFH IDGLQJ DQG ULQJ FORVLQJ UHDFWLRQ GLG QRW IROORZ D VLPSOH UHDFWLRQPHFKDQLVP D
OLQHDUILWZDVDSSOLHGDVDURXJKDSSUR[LPDWLRQ)RUIDGLQJUDWHVWZROLQHDUILWVIRUWKHWZRGRPDLQV
ZHUHDSSOLHG)RUULQJFORVLQJUDWHVDOOPHDVXUHPHQWVEHWZHHQPLQXWHDQGZHUHFRQVLGHUHG
IRUWKHHVWLPDWLRQRIWKHUHDFWLRQVSHHG
$PRXQWVSLURS\UDQRQWKHPHPEUDQH
:KHQ63ZDVFRSRO\PHUL]HGZLWK WKHQHWZRUN WKHDPRXQWRI OHDNLQJVSLURS\UDQZDVDQDO\]HG
7KHUHIRUHWKH7+)ZDWHUEDWKLQZKLFKWKHPHPEUDQHZDVVWRUHGDIWHUSURGXFWLRQZDVFROOHFWHG
DQG WKH VROYHQW ZDV UHPRYHG 7KH UHVLGXDO PDWHULDO ZDV DQDO\]HG XVLQJ +105 VSHFWURVFRS\
:KHQ 63 ZDV LQWURGXFHG LQ D SRVWPRGLILFDWLRQ VWHS WKH ZHLJKW RI WKH GULHG PHPEUDQH ZDV
PHDVXUHGEHIRUHDQGDIWHUWKHPRGLILFDWLRQ$GGLWLRQDOO\WKHDPRXQWRIVSLURS\UDQZDVHVWLPDWHG
IRUERWKDSSURDFKHVE\GXQNLQJDPHPEUDQHLQD01D2+VROXWLRQ,WZDVVWLUUHGIRUKRXUV
DQG WKH DEVRUSWLRQ RI WKH UHVXOWLQJ VROXWLRQ FRQWDLQLQJ K\GUR[\QLWUREHQ]DOGHK\GH
GHFRPSRVLWLRQSURGXFWRIVSLURS\UDQZDVPHDVXUHGDWQPİ 0FP

 5(68/76$1'',6&866,21
&KDQJLQJWKHWKLFNQHVVRIWKHDPSKLSKLOLFFRQHWZRUNZDVRQO\SRVVLEOHLQDYHU\OLPLWHGUDQJH,IWKH
PHPEUDQH ZDV WRR WKLQ WKH PHFKDQLFDO VWDELOLW\ EHFDPH YHU\ ORZ DQG WKH KDQGOLQJ RI WKH
PHPEUDQH ZDV H[WUHPHO\ GLIILFXOW ,I PHPEUDQH WKLFNQHVV ZDV FKRVHQ WR KLJK SKDVH VHSDUDWLRQ
RFFXUUHG
&UHDWLQJ SKRWRFKURPLFPHPEUDQHV FRQVLVWLQJ RI DQ DPSKLSKLOLF FRQHWZRUN ZDV DFKLHYHG ZLWK D
SRVWPRGLILFDWLRQDVZHOODVDFRSRO\PHUL]DWLRQSURFHVV
)RUWKHSRVWPRGLILFDWLRQDSSURDFKDQDPSKLSKLOLFFRQHWZRUNZDVFUHDWHGDFFRUGLQJWROLWHUDWXUH
,QDSRVWPRGLILFDWLRQVWHSWKHIUHHDOFRKROVRI+($VLGHFKDLQVZHUHHVWHULILHGZLWKWKHFDUER[\OLF
DFLGIXQFWLRQDOLW\RI636FKHPH
 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
6FKHPH&UHDWLRQRIDQDPSKLSKLOLFQHWZRUNIROORZHGE\SRVWPRGLILFDWLRQZLWK63YLDHVWHULILFDWLRQ7KHUXOHG
DUHDUHSUHVHQWVWKHDPSKLSKLOLFFRQHWZRUN
7KH VHFRQG DSSURDFK ZDV WKH FRSRO\PHUL]DWLRQ RI VSLURS\UDQ LQWR WKH DPSKLSKLOLF FRQHWZRUN
7KHUHIRUHPRQRPHULF63ZDVPL[HGZLWK+($DQG3'06
EHIRUHSRO\PHUL]DWLRQZDVLQLWLDWHG
7KHPROHFXOH,UJDFXUHXVHGLQWKHSUHYLRXVDSSURDFKWRLQLWLDWHWKHSRO\PHUL]DWLRQSURFHVV
DEVRUEV LQ WKH VDPH 89UHJLRQ DV 63 7KXV ZKHQ 63 ZDV LQ WKH PRQRPHU PL[WXUH
SRO\PHUL]DWLRQGLGQRWSURSHUO\SURFHHG6XEVHTXHQWO\LQLWLDWLRQRIWKHSRO\PHUL]DWLRQSURFHVVKDG
WREHSURPRWHGE\ ,UJDFXUH 6FKHPH ,UJDFXUH FUHDWHV UDGLFDOVZKHQ LUUDGLDWHGZLWK
EOXHOLJKW7KHUHIRUHSUHSDUDWLRQRIWKHVDPSOHVKDGWREHSHUIRUPHGXQGHUUHGOLJKW

)LJXUH&RORUFKDQJHRIDSRVWPRGLILHGDPSKLSKLOLFQHWZRUNDIWHULOOXPLQDWLRQZLWKZKLWHOLJKWOHIWDQGDIWHU89
LUUDGLDWLRQULJKW
7KH SRVWPRGLILHG PHPEUDQHV ZHUH OLJKWUHG DW GD\OLJKW ,OOXPLQDWLRQ ZLWK ZKLWH OLJKW OHG WR
GHFRORUDWLRQ ,UUDGLDWLRQ ZLWK 89OLJKW OHG WR D VWURQJO\ UHGFRORUHG PHPEUDQH )LJXUH 
&RSRO\PHUL]HGPHPEUDQHVZHUHUHGGHUDWGD\OLJKWEXWVKRZHGVLPLODUEHKDYLRUXQGHUZKLWHOLJKW
DQG89LUUDGLDWLRQDVWKHSRVWPRGLILHGPHPEUDQHV

6FKHPH&RSRO\PHUL]DWLRQRI706+($3'06
DQG63OHGWRDSKRWRFKURPLFDPSKLSKLOLFFRQHWZRUN7KHUXOHG
DUHDUHSUHVHQWVWKHDPSKLSKLOLFFRQHWZRUN

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 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
)LJXUH&DIIHLQHSHUPHDELOLW\PHDVXUHGLQD)UDQ]FHOODWGD\OLJKWDQGXQGHU89LUUDGLDWLRQPHPEUDQH&3
0HDVXULQJ WKH FRQWDFW DQJOHV RI WKHVH SKRWRFKURPLF PHPEUDQHV ZDV QRW PHDQLQJIXO VLQFH WKH
PHPEUDQHVVWDUWHGWRVZHOOZKHQLQFRQWDFWWRZDWHUGURSOHWV7KHFRQWDFWDQJOHFKDQJHGWKHUHIRUH
RYHUWLPH1HYHUWKHOHVVDURXJKHVWLPDWLRQRIWKHFRQWDFWDQJOHVKRZHGQRRURQO\YHU\OLWWOHFKDQJH
RIVXUIDFHWHQVLRQFRPSDULQJWKHPHPEUDQHDWGD\OLJKWDQGXQGHU89LUUDGLDWLRQ+RZHYHUDFOHDU
WUHQGZDVREVHUYHGIRUZDWHURQPHPEUDQHVRIGLIIHUHQWFRPSRVLWLRQ,QFUHDVLQJDPRXQWRI3'06

LQDPHPEUDQHUHVXOWHGLQDQLQFUHDVHGVXUIDFHWHQVLRQ
0HDVXULQJWKHFDIIHLQHSHUPHDELOLW\UHVLVWDQFHRIWKHPHPEUDQHVVKRZHGDGHSHQGHQF\QRWRQO\RQ
WKH FRPSRVLWLRQ DQG WKH SUHSDUDWLRQ RI WKH PHPEUDQHV EXW DOVR RQ WKH XVHG ZDYHOHQJWK WR
LOOXPLQDWHWKHP8QGHU89LUUDGLDWLRQFDIIHLQHSHUPHDELOLW\UHVLVWDQFHZDVIRXQGWREHORZHUWKDQ
DWGD\OLJKW)LJXUH
,Q JHQHUDO LWZDV IRXQG WKDW WKHPRUH S+($ WKH QHWZRUN FRQWDLQHG WKH ORZHU WKH SHUPHDELOLW\
UHVLVWDQFHRIWKHPHPEUDQHZDV7DEOH
)RU WKH FRSRO\PHUL]DWLRQ SURFHVV D UHODWLRQ EHWZHHQ WKH FRPSRVLWLRQ RI WKHPHPEUDQH DQG WKH
SHUPHDELOLW\ VZLWFK ZDV IRXQG 0RUH K\GURSKRELF PHPEUDQHV VKRZHG PRUH SURQRXQFHG
SHUPHDELOLW\ UHVLVWDQFH VZLWFKHV ,I D QHWZRUN FRQWDLQHG WRRPXFK+($ WKH LPSDFW RI VZLWFKLQJ
VSLURS\UDQLQWRLWVPRUHK\GURSKLOLFPHURF\DQLQHVWDWHVHHPHGWRKDYHDQHJOLJLEOHLQIOXHQFHRQWKH
RYHUDOOK\GURSKLOLFLW\RIDPHPEUDQHDQGWKXVRQWKHSHUPHDELOLW\UHVLVWDQFH
,QFRQWUDVWWRWKHFRSRO\PHUL]HGPHPEUDQHVWKHSRVWPRGLILHGPHPEUDQHVRQO\VKRZHGDVZLWFKRI
WKHSHUPHDELOLW\UHVLVWDQFHZKHQDKLJKFRQWHQWRIS+($ZDVSUHVHQW)RUWKHSRVWPRGLILHG
+($3'06PHPEUDQHWKHSHUPHDELOLW\UHVLVWDQFHXQGHU89LUUDGLDWLRQZDVVOLJKWO\GHFUHDVHG
FRPSDUHGWRSHUPHDELOLW\PHDVXUHPHQWVDWGD\OLJKW7KHSRVWPRGLILHGPHPEUDQHVKRZHGQR
VLJQLILFDQW VZLWFK RI SHUPHDELOLW\ UHVLVWDQFH $ SRVVLEOH H[SODQDWLRQ LV WKDW VSLURS\UDQV
SUHGRPLQDQWO\ UHDFWHG DW WKH VXUIDFH GXULQJ WKH SRVWPRGLILFDWLRQ SURFHVV RI WKH SUHIRUPHG
PHPEUDQH7KHPRUH+($ZDVXVHGIRUWKHSURGXFWLRQWKHPRUHS+($ZDVRQWKHVXUIDFH$VD
FRQVHTXHQFHPRUH63ZDVERXQGWRWKHVXUIDFHRIWKDWPHPEUDQH7DEOH
2YHUDOO WKH KLJKHVW SHUPHDELOLW\ VZLWFK ZDV IRXQG IRU WKH FRSRO\PHUL]HG DPSKLSKLOLF
FRQHWZRUN7KHDPRXQWRILQFRUSRUDWHGVSLURS\UDQZDVVLPLODUIRUDOOFRSRO\PHUL]HGPHPEUDQHV


 1213252863+272&+520,&0(0%5$1(6&216,67,1*2)$03+,3+,/,&&21(7:25.6
7DEOH3HUPHDELOLW\UHVLVWDQFHVVZLWFKLQJSRWHQWLDODQGVSLURS\UDQFRQWHQWRIDOODPSKLSKLOLF
FRQHWZRUNV
0HPEUDQH 5'/VFP 589VFP 6ZLWFK 63ZW
QHDW ···   
QHDW ··   
30 ··· ···  
30 ·· ·  
&3 CCC CCC  
&3 CC CC  
&3 CC CC  
0HDVXULQJWKHVZHOOLQJEHKDYLRURIWKHDPSKLSKLOLFPHPEUDQHVZDVSHUIRUPHGLQZDWHUWRVZHOOWKH
K\GURSKLOLF SDUWV DQG LQ KH[DQH WR VZHOO WKH K\GURSKRELF FRPSRQHQWV RI WKH QHWZRUNV )RU QRQ
SKRWRFKURPLFPHPEUDQHVQRVLJQLILFDQWFKDQJHLQVZHOOLQJEHKDYLRUZDVPHDVXUHGZKHQVZHOOLQJ
WKHPHPEUDQHDWGD\OLJKWRUXQGHU89LUUDGLDWLRQ0HPEUDQHVZLWKPRUHS+($VZHOOHGPRUHLQ
ZDWHU WKDQPHPEUDQHVZLWK OHVV S+($$V H[SHFWHG DQ RSSRVLWH WUHQGZDV REVHUYHG LQ KH[DQH
7DEOH  $IWHU SRVWPRGLILFDWLRQ VZHOOLQJ EHKDYLRU RI WKH VDPH PHPEUDQHV ZDV LQYHVWLJDWHG
DJDLQDWGD\OLJKWDQGXQGHU89LUUDGLDWLRQ$OPRVW LGHQWLFDOYDOXHVZHUHREVHUYHGDVIRUWKHQRQ
SKRWRFKURPLFPHPEUDQHV1RFKDQJHGVZHOOLQJEHKDYLRUXQGHU89LUUDGLDWLRQDQGDWGD\OLJKWZDV
REVHUYHG6LQFH WKHDPRXQWRI VSLURS\UDQ LQ WKHPHPEUDQHZDV UDWKHU VPDOOSRVVLEOH FKDQJHV LQ
VZHOOLQJZHUHWRRVPDOOWREHGHWHFWHG
6LPLODUUHVXOWVZHUHREWDLQHGIRUFRSRO\PHUL]HGPHPEUDQHV1RVLJQLILFDQWFKDQJHLQVZHOOLQJZDV
IRXQGFRPSDULQJWKHPHDVXUHPHQWVDWGD\OLJKWDQGXQGHU89LUUDGLDWLRQ
&RPSDULQJ PHPEUDQHV RI WKH VDPH FRPSRVLWLRQ HJ  LW EHFRPHV REYLRXV WKDW QHDW
FRQHWZRUNVDQGSRVWPRGLILHGPHPEUDQHVVKRZYHU\VLPLODUVZHOOLQJEHKDYLRU7KHUHIRUHLWFDQEH
FRQFOXGHG WKDW WKH LQWURGXFWLRQ RI VSLURS\UDQ LQ D SRVWPRGLILFDWLRQ SURFHVV GLG QRW FKDQJH WKH
VWUXFWXUHRIWKHDPSKLSKLOLFFRQHWZRUN6ZHOOLQJEHKDYLRURIFRSRO\PHUL]HGPHPEUDQHVZDVIRXQG
WR EH GLIIHUHQW &RSRO\PHUL]DWLRQ RI VSLURS\UDQ VHHPV WR KDYH DQ HVVHQWLDO LQIOXHQFH RQ WKH
VWUXFWXUHRIWKHDPSKLSKLOLFFRQHWZRUN
7DEOH6ZHOOLQJEHKDYLRURIDPSKLSKLOLFFRQHWZRUNVEHIRUHDQGDIWHUSRVWPRGLILFDWLRQ30
DQGRIFRSRO\PHUL]HG&3DPSKLSKLOLFFRQHWZRUNV
6DPSOH 6+2 6+[
 9LV 89 9LV 89
QHDW    
QHDW    
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3063    
&363    
&363    
&363    
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
)LJXUH,5VSHFWUDRIWKHVLQJOHFRPSRQHQWVRIDPSKLSKLOLFFRQHWZRUNV
,5PHDVXUHPHQWVRI WKHVLQJOHFRPSRXQGVRI WKHQHWZRUNVVKRZHGFKDUDFWHULVWLFSHDNV WKDWZHUH
DOVRDVVLJQHGLQWKHILQDOSURGXFW3'06KDGDVKDUSVLJQDODWDURXQGFPDQGXQSURWHFWHG
+($KDGDEURDGVLJQDODWDURXQGFP)LJXUH7KHVLJQDODWFPZDVXVHGWRIROORZ
WKHGHSURWHFWLRQRI706+($
7KH FRPSRVLWLRQRI WKHPHPEUDQH LV QRWRQO\ LQWHUHVWLQJ DW LWV VXUIDFHEXW DOVR DW LWV LQQHU IDFH
7KHUHIRUHWKH,5VSHFWUXPRIWKHVXUIDFHZDVILUVWPHDVXUHG)LJXUHEODFNDQGWKHPHPEUDQH
ZDV WKHQ IUR]HQ LQ OLTXLG QLWURJHQ DQG SHVWOHG WR D SRZGHU WR PHDVXUH WKH LQQHU IDFH RI WKH
PHPEUDQH )LJXUH  UHG ,Q DOO PHDVXUHG VSHFWUD D EURDG SHDN DW  FP ZDV SUHVHQW
LQGLFDWLQJ WKDW WKH GHSURWHFWLRQ RI 706S+($ ZDV VXFFHVVIXO 3RVWPRGLILHG DV ZHOO DV
FRSRO\PHUL]HGPHPEUDQHVVKRZHGVLPLODUVSHFWUDIRUWKHVXUIDFHDQGWKHLQQHUSKDVH7KHUHIRUHLW
FDQEHFRQFOXGHGWKDWS+($DVZHOODV3'06ZHUHQRWRQO\SUHVHQWDWWKHVXUIDFHEXWDOVRDWWKH
LQQHUSKDVHRIWKHPHPEUDQHV)LJXUH
;36PHDVXUHPHQWVVKRZHGD6LVLJQDOIRUDOOPHPEUDQHV7KLVLQGLFDWHVWKHSUHVHQFHRI3'06RQ
WKH VXUIDFH )RU WKH FRSRO\PHUL]DWLRQ DSSURDFK DOO PHDVXUHG 6LFRQFHQWUDWLRQV ZHUH EHORZ WKH
FDOFXODWHGFRQFHQWUDWLRQIRUSXUH3'067KLVLQGLFDWHVWKHFRH[LVWHQFHRIS+($DQG3'06RQWKH
VXUIDFH 6LQFH WKHUH LV QR FRUUHODWLRQ RI WKH DPRXQW RI 3'06 XVHG IRU WKH SURGXFWLRQ RI D
PHPEUDQH DQG WKH PHDVXUHG 6LFRQFHQWUDWLRQ RQ WKH VXUIDFH RI WKDW PHPEUDQH LW KDV WR EH
FRQFOXGHGWKDWWKHVWUXFWXUHRIWKHDPSKLSKLOLFFRQHWZRUNZDVFRQVWLWXWLRQDOO\FKDQJHGGHSHQGLQJ
RQWKH+($3'06UDWLR7DEOH
)LJXUH,5VSHFWUDRIDSRVWPRGLILHGOHIWDQGDFRSRO\PHUL]HGULJKWDPSKLSKLOLFFRQHWZRUNERWKZW
+($3'067KHLQQHUIDFHZDVFRPSDUHGZLWKWKHVXUIDFHRIWKHPHPEUDQHV
 1213252863+272&+520,&0(0%5$1(6&216,67,1*2)$03+,3+,/,&&21(7:25.6
;36PHDVXUHPHQWVRIWKHSRVWPRGLILHGPHPEUDQHVKRZHGVLPLODUYDOXHVDVIRUSXUH3'06
1HYHUWKHOHVVWKHPHPEUDQHVZHOOHGLQZDWHUDQGFDIIHLQHZDVDEOHWRSDVVWKURXJKWKHPHPEUDQH
7KLV LQGLFDWHV WKHSUHVHQFHRIDFRQWLQXRXVS+($QHWZRUNEXWPRVWSUREDEO\ZLWKRQO\PLQLPDO
FRQQHFWLRQVWRWKHVXUIDFH,IS+($ZRXOGRQO\EHGLVSHUVHGLQD3'06PDWUL[QRVZHOOLQJZRXOG
EHREVHUYHGEHFDXVHZDWHUZRXOGQRWEHDEOHWRUHDFKDQ\S+($WURXJKWKHLVRODWLQJ3'06OD\HU
RQWKHVXUIDFH
7DEOH;36PHDVXUHPHQWVRIDOOSKRWRFKURPLFDPSKLSKLOLFFRQHWZRUNV
$OOUHVXOWVVKRZQLQ$W
0HPEUDQH &V 2V 6LS
QHDW   
QHDW   
30   
30   
&3   
&3   
&3   
+($FDOF   
3'06FDOF   
6(0SLFWXUHV VKRZHG WKDW WKH VXUIDFHV RI DOOPHPEUDQHVZHUH VPRRWK DQGZLWKRXW DQ\ SRUHV RU
FUDFNVZLWKLQWKHYLVXDOL]DEOHUDQJH)RFXVLQJRQWKHVXUIDFHZDVQRWHDV\GXHWRWKHDEVHQFHRIDQ\
VXUIDFHVWUXFWXUH7KHUHIRUHSRVLWLRQVZLWKVPDOOSLHFHVRIGXVWKDGWREHPHDVXUHGWRHQVVXUHDQ
DFFXUDWHIRFXVRQWKHVXUIDFHRIWKHVDPSOH)LJXUH
$)0SKDVHSLFWXUHVVKRZHGWZRSKDVHV7KHEULJKWSKDVHZDVDVVXPHGWREHS+($ZKHUHDVWKH
GDUNSKDVHZDVDVVXPHGWRFRUUHODWHZLWK3'06)RU WKHFRSRO\PHUL]HGPHPEUDQH VRPH
ELJEULJKWVWUXFWXUHVZHUHIRXQGLQGLFDWLQJWKHSUHVHQFHRIODUJHS+($VWUXFWXUHV)LJXUHOHIW
)RU WKH FRSRO\PHUL]HG PHPEUDQH WKH ELJ VWUXFWXUHV ZHUH GDUN LQGLFDWLQJ WKH SUHVHQFH RI
PRUH3'06RQWKHVXUIDFHFRPSDUHGWRWKHPHPEUDQH)LJXUHULJKW

)LJXUH6(0SLFWXUHRIDQDPSKLSKLOLFFRQHWZRUN30ZLWKDGXVWSDUWLFOHEULJKWWKDWDOORZHGIRFXVLQJRQ
WKHVXUIDFH
 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

)LJXUH$)0SKDVHSLFWXUHVRI&3OHIWDQG&3ULJKW%ULJKWDUHDVFRUUHVSRQGWRS+($GDUNDUHDV
FRUUHVSRQGWR3'06
&RPSDULQJ$)0SKDVHSLFWXUHVRI SRVWPRGLILHGDQG FRSRO\PHUL]HGPHPEUDQHV VKRZHGDV
ZHOOVRPHIXQGDPHQWDOGLIIHUHQFHV7KHSRVWPRGLILHGPHPEUDQHVKRZHGDOPRVWQRS+($RQWKH
VXUIDFH)LJXUH7KLVILQGLQJVXSSRUWVWKH;36PHDVXUHPHQWVUHSRUWHGDERYH
7DNLQJ D FORVHU ORRN DW WKH FRSRO\PHUL]HG PHPEUDQH VKRZHG VRPH LQWHUHVWLQJ VWUXFWXUHV
)LJXUH  'RQXWVKDSHG VWUXFWXUHV ZHUH SUHVHQW LQ KLJK FRQFHQWUDWLRQ %DVLFDOO\ DOO S+($
SUHVHQWDW WKH VXUIDFH VKRZHG WKLV VWUXFWXUH%HVLGHV WKHREYLRXVO\ELJJHUVWUXFWXUHDW WKHERWWRP
OHIW RI )LJXUH  DOO ´GRQXWVµ KDG DERXW WKH VDPH GLDPHWHU &KDQJLQJ WKH FDQWLOHYHU KDG QR
LQIOXHQFHRQ WKH LPDJH$ FDQWLOHYHUDUWLIDFW FDQ WKHUHIRUHEH H[FOXGHG'ULYLQJ IRUFHEHKLQG WKH
FUHDWLRQRIWKLVVWUXFWXUHLVXQFOHDUDWWKHPRPHQW,W LVDOVRXQFOHDUZKHWKHUWKLVVWUXFWXUHLVRQO\
SUHVHQW DW WKH VXUIDFH RU ZKHWKHU WKHUH DUH VLPLODU VWUXFWXUHV DW WKH LQQHU IDFH 0RUH $)0
PHDVXUHPHQWVDUHQHHGHGHJPHDVXUHPHQWVRIPHPEUDQHFURVVVHFWLRQVWRJHWPRUHLQIRUPDWLRQ
DERXWWKHREVHUYHGVWUXFWXUHV

)LJXUH$)0SKDVHSLFWXUHVRI&3OHIWDQG30ULJKW%ULJKWDUHDVFRUUHVSRQGWRS+($GDUNDUHDV
FRUUHVSRQGWR3'06
 1213252863+272&+520,&0(0%5$1(6&216,67,1*2)$03+,3+,/,&&21(7:25.6


)LJXUH$)0SKDVHSLFWXUHRI&3%ULJKWDUHDVFRUUHVSRQGWRS+($GDUNDUHDVFRUUHVSRQGWR3'06
6ROLGVWDWH899LVPHDVXUHPHQW
6WDELOLW\ PHDVXUHPHQWV RI SRVWPRGLILHG DQG FRSRO\PHUL]HG PHPEUDQHV VKRZHG IXQGDPHQWDO
GLIIHUHQFHV EHWZHHQ WKH WZR DSSURDFKHV0HDVXULQJ WKH IDGLQJ UDWH RI SRVWPRGLILHGPHPEUDQHV
UHVXOWHG LQD FXUYHZLWK WZRGRPDLQV'XULQJ WKH ILUVWKRXUXQGHU89LUUDGLDWLRQ WKHPHPEUDQH
VHHPHG WR EH YHU\ VWDEOH ZLWK DOPRVW QR FKDQJH LQ WUDQVPLVVLRQ $IWHU RQH KRXU EOHDFKLQJ ZDV
DFFHOHUDWHGVLJQLILFDQWO\$OVRWKHULQJFORVLQJUHDFWLRQZDVIRXQGWREHVORZDWWKHEHJLQQLQJZLWKD
FRQVWDQWDFFHOHUDWLRQRIWKHUHDFWLRQUDWHRYHUWLPH)LJXUH
7KH IDGLQJ UDWH RI FRSRO\PHUL]HG DPSKLSKLOLF FRQHWZRUNV UHVXOWHG WR EH OLQHDU ZLWK PLQRU
GHFHOHUDWLRQGHWHFWDEOHWRZDUGVWKHHQGRIWKHPHDVXUHPHQW)DGLQJFDQWKHUHIRUHEHDVVXPHGWR
EHDWDFRQVWDQWUDWHXQGHUSHUPDQHQW89LUUDGLDWLRQ5LQJFORVLQJNLQHWLFVXQGHUGDUNFRQGLWLRQ
ZDVIRXQGWREHOLQHDU)LJXUH

)LJXUH)DGLQJUDWHPHDVXUHPHQWOHIWDQGULQJFORVLQJUHDFWLRQNLQHWLFVPHDVXUHPHQWXQGHUGDUNFRQGLWLRQV
ULJKWRI307UDQVPLVVLRQ7LQRIWKHPHPEUDQHDWǋPD[ZDVPHDVXUHGRYHUWLPHIRUERWKPHDVXUHPHQWV

 1213252863+272&+520,&0(0%5$1(6&216,67,1*2)$03+,3+,/,&&21(7:25.6

)LJXUH)DGLQJUDWHPHDVXUHPHQWOHIWDQGULQJFORVLQJUHDFWLRQNLQHWLFVPHDVXUHPHQWXQGHUGDUNFRQGLWLRQV
ULJKWRI&37UDQVPLVVLRQ7LQRIWKHPHPEUDQHDWǋPD[ZDVPHDVXUHGRYHUWLPHIRUERWKPHDVXUHPHQWV
3RVWPRGLILHGPHPEUDQHVWXUQHGRXWWREHPRUHVWDEOHWKDQFRSRO\PHUL]HGRQHV(VSHFLDOO\GXULQJ
WKHILUVWKRXUWKHSRVWPRGLILHGPHPEUDQHVDSSHDUWREHH[WUHPHO\IDGLQJUHVLVWDQW%XWDOVRDIWHU
WKHILUVWKRXUWKHIDGLQJUDWHRISRVWPRGLILHGPHPEUDQHVZDVFRQVLGHUDEO\ORZHUWKDQIDGLQJUDWHV
RIFRSRO\PHUL]HGPHPEUDQHV7DEOH
7DEOH6WDELOLW\PHDVXUHPHQWULQJFORVLQJNLQHWLFVDQGǋPD[RIDOO
SKRWRFKURPLFDPSKLSKLOLFPHPEUDQHV
0HPEUDQH )DGLQJUDWH©7PLQ
5LQJFORVLQJNLQHWLFV
©7PLQ
ǋPD[
QP
30   
30   
&3   
&3   
&3   
$GGLWLRQDOO\ULQJFORVLQJNLQHWLFVZDVIRXQGWREHPXFKVORZHUIRUSRVWPRGLILHGPHPEUDQHV7DEOH
 6ORZ NLQHWLFV DOORZV WKH XVH RI D SXOVHG89LUUDGLDWLRQ7KLV FDQ LQFUHDVH WKH OLIHWLPH RI D
SKRWRFKURPLFPHPEUDQHUHPDUNDEO\






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 &21&/86,21$1'287/22.
3RVWPRGLILFDWLRQ RI DPSKLSKLOLF FRQHWZRUNV DV ZHOO DV FRSRO\PHUL]DWLRQ RI VSLURS\UDQ ZLWK
+($3'06UHVXOWHGLQSKRWRFKURPLFPHPEUDQHV7RUHJXODWHWKHEDVLFUHVLVWDQFHRIDPHPEUDQH
LW ZDV HDVLHU WR FKDQJH WKH FRPSRVLWLRQ RI WKH PHPEUDQH WKDQ FKDQJLQJ WKH WKLFNQHVV RI WKH
PHPEUDQH$GGLWLRQRIPRUH3'06WRWKHPRQRPHUPL[WXUHUHVXOWHG LQPHPEUDQHVZLWKKLJKHU
SHUPHDELOLW\ UHVLVWDQFHV &KDQJLQJ WKH WKLFNQHVV RI WKH PHPEUDQHV KDG D ELJ LQIOXHQFH RQ WKH
PHFKDQLFDOVWDELOLW\DQGRQSKDVHVHSDUDWLRQSURFHVVHV$QLQWHUPHGLDWHWKLFNQHVVRIPWXUQHG
RXW WR EH VXLWDEOH IRU WKH SURGXFWLRQ RI DPSKLSKLOLF PHPEUDQHV :KHQ WKH EDVLF SHUPHDELOLW\
UHVLVWDQFH RI D PHPEUDQH LV DGMXVWHG E\ FKDQJLQJ WKH FRPSRVLWLRQ RI DPHPEUDQH LW KDV WR EH
FRQVLGHUHGWKDWWKHVZLWFKLQJSRWHQWLDORIDPHPEUDQHLVLQIOXHQFHGDVZHOO,IDPHPEUDQHZDVWRR
K\GURSKLOLF QR VZLWFKLQJZDV REVHUYHG %HVW VZLWFKLQJ SRWHQWLDO ZDV REVHUYHG IRU FRSRO\PHUL]HG
PHPEUDQHVZLWKD FRPSRVLWLRQRIZW+($DQGZW3'067KHDPRXQWRI VSLURS\UDQ
WKDW ZDV LQFRUSRUDWHG LQWR PHPEUDQHV ZDV IRXQG WR EH LQGHSHQGHQW IURP WKH PHPEUDQH
FRPSRVLWLRQIRUFRSRO\PHUL]DWLRQSURFHVVHV)RUSRVWPRGLILHGPHPEUDQHV LWZDVIRXQGWKDWPRUH
VSLURS\UDQZDVLQFRUSRUDWHGLQDPHPEUDQHLIWKHUHZDVPRUHS+($LQWKHPHPEUDQH7KHEHVW
VWDELOLW\ZDVREVHUYHGIRUSRVWPRGLILHGPHPEUDQHV7KHFRPSRVLWLRQRIWKHVHPHPEUDQHVKDGRQO\
OLWWOH LQIOXHQFHRQ WKHIDGLQJUDWHRIWKHPHPEUDQHXQGHU89LUUDGLDWLRQ+RZHYHUSRVWPRGLILHG
PHPEUDQHVGLGRQO\LQVXIILFLHQWO\FKDQJHWKHFDIIHLQHSHUPHDELOLW\UHVLVWDQFHXQGHU89LUUDGLDWLRQ

 
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 1%UXQV-6FKHUEOH/+DUWPDQQ57KRPDQQ%,YiQ50OKDXSWDQG-&7LOOHU0DFURPROHFXOHV

 *(UGRGLDQG-3.HQQHG\3URJUHVVLQ3RO\PHU6FLHQFH
 $'RPMiQ*(UG|GL0:LOKHOP01HLGK|IHU./DQGIHVWHU%,YiQDQG+:6SLHVV0DFURPROHFXOHV

 &63DWULFNLRVDQG7.*HRUJLRX&XUUHQW2SLQLRQLQ&ROORLG	,QWHUIDFH6FLHQFH
 (-*RHWKDOV0)'XEUHXLODQG/7DQJKH0DFURPROHFXODU6\PSRVLD
 $,7ULIWDULGRX6&+DGML\DQQDNRX09DPYDNDNLDQG&63DWULFNLRV0DFURPROHFXOHV
 7.*HRUJLRX09DPYDNDNLDQG&63DWULFNLRV3RO\PHU
 0'HOHUED-5(EGRQDQG65LPPHU0DFURPROHFXODU5DSLG&RPPXQLFDWLRQV
 6<DPDVKLWD..RGDPD<,NHGDDQG6.RKML\D-RXUQDORI3RO\PHU6FLHQFH3DUW$3RO\PHU&KHPLVWU\

 1%UXQV0+DQNR6'HFK5/DGLVFK-7RELVDQG-&7LOOHU0DFURPROHFXODU6\PSRVLD
 0+DQNR1%UXQV65HQWPHLVWHU-&7LOOHUDQG-+HLQ]H$QDO\WLFDO&KHPLVWU\
 -&7LOOHU&6SULFKDQG/+DUWPDQQ-RXUQDORI&RQWUROOHG5HOHDVH
 1%UXQVDQG-&7LOOHU1DQR/HWWHUV
 -+5DPPLQ0DWKHPDWLVFK1DWXUZLVVHQVFKDIOWLFKHV)DNXOWlW8QLYHUVLW\RI=XULFK=ULFK
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
 *5$)7,1*7+528*+$02',),('32/<(67(5685)$&(
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 ,1752'8&7,21
7RLPSURYHWKHPHFKDQLFDOVWDELOLW\RIDPSKLSKLOLFFRQHWZRUNV\VWHPVGLVFXVVHGLQ&KDSWHULWLVD
NQRZQ SURFHVV WR FRYDOHQWO\ FRDW PRUH VWDEOH VXEVWUDWHV ZLWK DPSKLSKLOLF PDWHULDOV &RDWLQJ
DSSURSULDWHVXEVWUDWHVDOORZVFUHDWLQJWKLQDPSKLSKLOLFFRQHWZRUNV,WLVQRORQJHUQHFHVVDU\WRWDNH
FDUHRIWKHPHFKDQLFDOVWDELOLW\RIWKHFRQHWZRUNVEHFDXVHWKHPHFKDQLFDOVWDELOLW\RIWKHVDPSOHLV
HQVXUHGE\WKHVXEVWUDWH7RDIIL[WKHDPSKLSKLOLFFRQHWZRUNWRWKHVXSSRUWLQJVXUIDFHDJUDIWLQJ
WKURXJKSURFHVVLVXVXDOO\FKRVHQ7RHQDEOHJUDIWLQJWKURXJKSURFHVVHVLWLVHVVHQWLDOWRDOORFDWH
PRQRPHULFXQLWVDWWKHVXUIDFHRIWKHVXEVWUDWHDVDQFKRUSODFHV7KHVHPRQRPHULFXQLWVDUHWKHQ
LQFRUSRUDWHG LQWR WKH FRQHWZRUN VWUXFWXUH GXULQJ WKH JUDIWLQJ WKURXJK SRO\PHUL]DWLRQ SURFHVV
7KHUHIRUHWKHFRQHWZRUNZLOOEHFRPHFRYDOHQWO\OLQNHGWRWKHVXSSRUWLQJVXUIDFH
*UDIWLQJ D 3'06+($ EDVHG DPSKLSKLOLF FRQHWZRUN WKURXJK D VXUIDFH LV D NQRZQ SURFHVV WR
REWDLQWKLQFRDWLQJVRQJODVVVXEVWUDWHV8SWRQRZQRSURFHVVKDVHYHUEHHQUHSRUWHGIRUJUDIWLQJ
VXFKFRQHWZRUNVWKURXJKWKHVXUIDFHRISRURXVSRO\PHULFPHPEUDQHV,QWKLVVWXG\ZHFRPELQHG
WKH SODVPDVXUIDFHPRGLILFDWLRQ UHSRUWHG LQ &KDSWHU  WR LQFRUSRUDWH PRQRPHULF XQLWV RQ WKH
PHPEUDQHVXUIDFHZLWK WKH OLJKWUHVSRQVLYHEHKDYLRURI VSLURS\UDQFRQWDLQLQJ+($3'06EDVHG
DPSKLSKLOLFFRQHWZRUNVUHSRUWHGLQ&KDSWHU
,QIOXHQFLQJ WKH FDIIHLQH WUDQVIHU UDWHV RI WKH VXSSRUWHG DPSKLSKLOLF FRQHWZRUNV E\ VZLWFKLQJ
VSLURS\UDQIURPRQHLQWRLWVRWKHUVWDWHFDQHLWKHUEHDFKLHYHGE\FKDQJLQJWKHK\GURSKLOLFLW\RIWKH
GRPDLQVLQWKHFRQHWZRUNRUE\RSHQLQJDQGFORVLQJWKHSRUHVEDVHGRQFKDQJHGVZHOOLQJEHKDYLRU
RIWKHDPSKLSKLOLFFRQHWZRUN6LQFHVROXWLRQVSDVVPXFKHDVLHUWKURXJKSRUHVIUHHGLIIXVLRQWKDQ
WKURXJK FRDWLQJV KLQGHUHG GLIIXVLRQ FKDQJHV RI K\GURSKLOLF DQG K\GURSKRELF GRPDLQV LQ WKH
FRDWLQJDUHRQO\UHOHYDQWLQWKHFDVHRIHQWLUHO\FRDWHGPHPEUDQHV,IWKHUHDUHXQFRDWHGSRUHVIURP
WKHPDWUL[PHPEUDQHV RU LI WKHUH DUH VPDOO FUDFNV LQ WKH FRDWLQJ WKLVZLOO EH WKHPDLQ URXWH IRU
PROHFXOHVWKURXJKWKHPHPEUDQHDQGDVWHULFKLQGUDQFHGXHWRVZHOOLQJRIWKHFRDWLQJLVPRUHOLNHO\
WREHREVHUYHG
7KH DLP RI JUDIWLQJ DQ DPSKLSKLOLF FRQHWZRUN RQ D SRURXV SRO\HVWHUPHPEUDQHZDV QRW RQO\ WR
LPSURYHWKHPHFKDQLFDOVWDELOLW\RIWKHQHWZRUNEXWDOVRWRFRPSDUHLWVSKRWRFKURPLFEHKDYLRUWR
QRQVXSSRUWHGDPSKLSKLOLFFRQHWZRUNVUHSRUWHGLQ&KDSWHU

 (;3(5,0(17$/
0DWHULDOVDQGJHQHUDOPHWKRGV
7UDFNHWFKHGSRO\HVWHUPHPEUDQHV3(6ĨPSRUHGLDPHWHUPPPHPEUDQHGLDPHWHUZHUH
SXUFKDVHG IURP6WHUOL7HFK&RUSRUDWLRQ&DIIHLQH UHDJHQWSOXVZDVGHOLYHUHGE\)OXND$FU\OR\O
FKORULGH $F&O  ZDV REWDLQHG IURP 6LJPD$OGULFK 'LFKORURPHWKDQH '&0  GULHG
RYHU PROHFXODU VLHYH ZDV GHOLYHUHG E\ $FURV ,UJDFXUH  ZDV SURYLGHG E\ %$6)  
DFU\OR[\HWKR[\WULPHWK\OVLODQH706+($DQGSRO\GLPHWK\OVLOR[DQH²PHWKDFU\OR[\SURS\O
 *5$)7,1*7+528*+$02',),('32/<(67(5685)$&(
WHUPLQDWHG3'06
WRPRQRPHUXQLWVZHUHSXUFKDVHGIURP$%&5706+($ZDVIUHVKO\
GLVWLOOHGXQGHUUHGXFHGSUHVVXUHEHIRUHXVDJH6SLURS\UDQ63ZDVV\QWKHVL]HGDFFRUGLQJ WR
&KDSWHU$OORWKHUFKHPLFDOVZHUHXVHGDVGHOLYHUHG'LVWLOOHGZDWHUIURPWKHLQKRXVHVXSSO\ZDV
XVHGXQOHVVVWDWHGRWKHUZLVH899LVPHDVXUHPHQWVZHUHSHUIRUPHGRQD9DULDQ%LR035IRU
DOO OLTXLG VDPSOHV)RUZHLJKLQJ D0HWWOHU7ROHGR$%6 DQGD0HWWOHU0(ZHUHXVHG ,5
PHDVXUHPHQWV ZHUH SHUIRUPHG RQ D %LR5DG )76  HTXLSSHG ZLWK DQ $75 *ROGHQ *DWH
6FDQQLQJHOHFWURQ0LFURVFRS\6(0SLFWXUHVZHUHUHFRUGHGRQD+LWDFKL6$OOVDPSOHVZHUH
FRDWHGZLWKDJROGOD\HURIDERXWQP;UD\SKRWRHOHFWURQVSHFWURVFRS\;36ZDVSHUIRUPHGRQ
D 3+,  VSHFWURPHWHU XQGHU DQ DQJOH RI  ;36GDWD ZHUH DQDO\]HG ZLWK WKH SURJUDP
&DVD;363URILORPHWULFPHDVXUHPHQWVZHUHSHUIRUPHGRQD'HNWDNIURP9HHFR
3ODVPDFRDWLQJ
8QWUHDWHG 3(6PHPEUDQHV ZHUH GXQNHG LQ D JHQWO\ VWLUUHG '&0 EDWK IRU  KRXUV DW URRP
WHPSHUDWXUHWRUHPRYHSRVVLEOHFRDWLQJVWKDWZHUHQRWGHQRWHGE\WKHPDQXIDFWXUHU$IWHUGU\LQJ
WKH PHPEUDQHV WKH\ ZHUH FRDWHG ZLWK QLWURJHQHQULFKHG SRO\HWK\OHQH LQ D SODVPD
GHSRVLWLRQSRO\PHUL]DWLRQSURFHVV7KHUHIRUHVFFPHWK\OHQHVFFPDPPRQLXPDQGVFFP
DUJRQZHUHDFWLYDWHGE\:DWPEDULQDFRLOFRDWLQJSODVPDFKDPEHU%$%((DFKVLGH
RIWKHPHPEUDQHZDVWUHDWHGIRUPLQLQWKLVSODVPDFRQGLWLRQ7KHPHPEUDQHVZHUHVWRUHGLQD
GHVLFFDWRURYHUPROHFXODUVLHYHV
0RQRPHUELQGLQJ
$URXQGERWWRPIODVNZDVHTXLSSHGZLWKDVWLUULQJEDUDQGDSURWHFWLQJJULG$IWHUFKDUJLQJWKHIODVN
ZLWKP/'&0DQG1(W P/PPRODSODVPDWUHDWHGPHPEUDQHZDVDGGHG$FU\OR\O
FKORULGHP/PPROGLOXWHGLQP/'&0ZDVDGGHGGURSZLVHDWURRPWHPSHUDWXUHYLD
V\ULQJH7KHZKROHPL[WXUHZDVVWLUUHGIRUKRXUV7KHPHPEUDQHZDVWKHQUHPRYHGDQGZDVKHG
ZLWK'&00H2+DQG+2LQDQXOWUDVRQLFEDWKDQGGULHGLQDGHVLFFDWRURYHUPROHFXODUVLHYHV
*UDIWLQJWKURXJKSRO\PHUL]DWLRQ
706+($  J P/ PPROZDV SUHPL[HGZLWK 63 PJ PPRO$IWHUZDUGV
3'06
  J P/ PPROZDV DGGHGDQG VKDFNHG YLJRURXVO\ IRURQHPLQXWH8QGHU UHG
OLJKW ,UJDFXUH  PJ PPROZDV DGGHG DQG WKHPL[WXUHZDV VKDFNHG YLJRURXVO\ IRU 
PLQXWHV$PHPEUDQHFRDWHGZLWKDFU\ODWHVZDVGLSSHGLQWRWKHVROXWLRQ7KHPHPEUDQHZDVWKHQ
LOOXPLQDWHGZLWK YLVLEOH OLJKW : EXOE IRU  KRXU IURP HDFK VLGH 7KHQ WKHPHPEUDQHZDV
XOWUDVRQLFDWHG ZLWK'&0PHWKDQRO DQG ZDWHU 7KH ZHLJKW RI WKH GU\PHPEUDQH ZDVPHDVXUHG
EHIRUHDQGDIWHUWKHJUDIWLQJWKURXJKSURFHVVWRNQRZWKHDPRXQWRIDPSKLSKLOLFQHWZRUNWKDWZDV
JUDIWHGWKURXJKWKHPHPEUDQH
3HUPHDELOLW\
$OOPHDVXUHPHQWVZHUHSHUIRUPHGLQD)UDQ]GLIIXVLRQFHOOSXUFKDVHGIURP6(6$QDO\VH6\VWHPH
ZLWKDUHFHSWRUYROXPHRIP/DQGDQRULILFHDUHDRIFP0DVVWUDQVIHUUDWHVRIFDIIHLQH
ZHUHPHDVXUHGXQGHU89LUUDGLDWLRQQP:PDQGDWGD\OLJKW$IWHU ILOOLQJWKHUHFHSWRU
FKDPEHUZLWKZDWHUP/ WKHPHPEUDQHZDV IL[HG LQ WKHGLIIXVLRQFHOO7KHGRQRUFKDPEHU
ZDVFKDUJHGZLWKDFDIIHLQHVROXWLRQP0P/6DPSOHV/ZHUHFROOHFWHGIURPWKH
UHFHSWRU SDUW RI WKH FHOO DIWHU        DQG  PLQXWHV 7KH FDIIHLQH
 *5$)7,1*7+528*+$02',),('32/<(67(5685)$&(
FRQFHQWUDWLRQV RI WKHVH VDPSOHV ZHUH DVVLJQHG E\ PHDVXULQJ LWV 89 DEVRUSWLRQ DW  QP
5HVLVWDQFH5RIDPHPEUDQHZDVFDOFXODWHGDFFRUGLQJWR)LFN·VODZXVLQJWKHIRUPXOD
 ܴ ൌ ௱௖ி 

ZKHUHĈF UHSUHVHQWV WKH GLIIHUHQFH RI FDIIHLQH FRQFHQWUDWLRQ FRPSDULQJ WKH GRQRU FRPSDUWPHQW
ZLWKWKHUHFHSWRUSDUWRIWKHXVHGIUDQ]FHOOĈFZDVDVVXPHGWREHFRQVWDQWRYHUWKHWLPHIUDPHRI
WKH PHDVXUHPHQW ) ZDV WKH PROHFXODU IOX[ LQ DPRXQW SHU WLPH SHU DUHD  3HUPHDELOLW\
PHDVXUHPHQWV IRU DOO WUHDWHG PHPEUDQHV ZHUH SHUIRUPHG GLUHFWO\ DIWHU WKH SURGXFWLRQ $OO
PHPEUDQHVZHUHVWRUHGLQZDWHUWRSUHFRQGLWLRQWKHPHPEUDQHV
&RQWDFWDQJOH
$OOPHDVXUHPHQWVZHUHSHUIRUPHGRQD.UVV*$7KHPHPEUDQH²IL[HGZLWKDVWDQGDUGWDSHLI
QHFHVVDU\²ZDVSRVLWLRQHGRQDPHWDO2ULQJ$GURSRIQDQRSXUHZDWHUĨ/ZDVSRVLWLRQHGRQ
WKDWSDUW RI WKHPHPEUDQH VXUIDFHZKLFKZDVQRW LQ FRQWDFWZLWK WKH2ULQJ)RUPHDVXULQJ WKH
LPSDFWRIVZLWFKLQJ63RQWKHVXUIDFHWHQVLRQRIWKHPHPEUDQHWKH&$ZDVPHDVXUHGILUVWDWGD\
OLJKW7KHQWKHPHPEUDQHZDVLOOXPLQDWHGZLWK89OLJKWQP:PIRUPLQXWHDQGWKH
FRQWDFWDQJOHZDVPHDVXUHGDJDLQ
6ZHOOLQJRIPHPEUDQHV
7KHWKLFNQHVVRIWKHPHPEUDQHVZDVPHDVXUHGZLWKDSURILORPHWHU$PHPEUDQHZDVGULHGLQYDFXR
LQDGHVLFFDWRURYHUPROHFXODUVLHYHVIRUKRXUV$IWHUZDUGVLWVWKLFNQHVVGZDVPHDVXUHG7KHQ
WKHPHPEUDQHZDVSODFHGLQWRZDWHURUKH[DQHIRUKDQGWKHWKLFNQHVVGZDVPHDVXUHGDJDLQ
)RUPHDVXULQJWKH LPSDFWRI WKH0&VWDWHRQWKHVZHOOLQJEHKDYLRUDPHPEUDQHZDV LOOXPLQDWHG
ZLWK89OLJKW  QP :P IRU PLQXWH EHIRUH VZHOOLQJ LQ ZDWHU (DFKPHDVXUHPHQW ZDV
UHSHDWHGWKUHHWLPHV7KHOLQHDUGHJUHHRIVZHOOLQJZDVFDOFXODWHGZLWKWKHIROORZLQJIRUPXODܵ ൌ ௗభௗబ 
6ROLGVWDWH899LVPHDVXUHPHQWV
$OO PHDVXUHPHQWV ZHUH SHUIRUPHG RQ D /DPEGD  LQ WKH UHIOHFWLRQ PRGH 89LUUDGLDWLRQ ZDV
DOZD\VDWQPZLWKDQLQWHQVLW\RI:P7KHPHPEUDQHLWVHOIVWRUHGDWGD\OLJKWZDVXVHGIRU
WKH EDVH OLQH PHDVXUHPHQWV $IWHU LOOXPLQDWLQJ WKH PHPEUDQH IRU  PLQXWH ZLWK 89 OLJKW WKH
VSHFWUXP RI WKDW PHPEUDQH ZDV PHDVXUHG DQG WKH PD[LPXP DEVRUEDQFH ZDV GHWHFWHG 7KH
PHPEUDQHZDVWKHQLOOXPLQDWHGZLWK89OLJKWIRUILYHPRUHPLQXWHV$IWHUZDUGVWKHDEVRUSWLRQDW
WKHDVVLJQHGPD[LPXPZDVPHDVXUHGRYHUDWLPHVSDQRIPLQXWHV WRREWDLQLQIRUPDWLRQDERXW
ULQJFORVLQJ NLQHWLFV RI WKH VSLURFRPSRXQGV XQGHU GDUN FRQGLWLRQV DW URRP WHPSHUDWXUH
6XEVHTXHQWO\WKHPHPEUDQHZDVLOOXPLQDWHGIRUKRXUVZLWK89OLJKW$IWHU
DQGPLQXWHVWKHDEVRUSWLRQDWWKHDVVLJQHGPD[LPXPZDVPHDVXUHGWRGHWHUPLQHWKHVSHHG
RI GHFRPSRVLWLRQ RI WKH VSLURFRPSRXQGV XQGHU 89LUUDGLDWLRQ 6LQFH IDGLQJ DQG ULQJ FORVLQJ
UHDFWLRQ GR QRW IROORZ D NQRZQ UHDFWLRQPHFKDQLVP LWZDV QRW SRVVLEOH WR DSSO\ DQ DSSURSULDWH
PRGHOWRTXDQWLI\WKHSURFHVVHV7RTXDOLWDWLYHO\FRPSDUHWKHGLIIHUHQWPHPEUDQHVDOLQHDUILWZDV
ሺͳሻ
ሺʹሻ
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DSSOLHG)RUIDGLQJUDWHVWKHPHDVXUHPHQWVRIWKHILUVWPLQXWHVZHUHFRQVLGHUHG)RUULQJFORVLQJ
UDWHVDOOPHDVXUHPHQWVEHWZHHQDQGPLQXWHVZHUHFRQVLGHUHGIRUWKHOLQHDUILW
 5(68/76$1'',6&866,21
*UDIWLQJ DQ DPSKLSKLOLF FRQHWZRUN FRQVLVWLQJ RI 3'06
 +($ DQG 63 WKURXJK D SRO\HVWHU
VXUIDFH UHVXOWHG LQDSKRWRFKURPLFPHPEUDQH )LJXUH7RHQDEOHDJUDIWLQJSURFHVV WKURXJK
WKHVXUIDFHRIDSRURXVSRO\HVWHUPHPEUDQHDQDPLQHFRQWDLQLQJSRO\HWK\OHQHSODVPDFRDWLQJZDV
ILUVW DSSOLHG 7KH IUHHDPLQHVDW WKH VXUIDFHZKHUH WKHQDOORZHG WR UHDFWZLWKDFU\OR\OFKORULGH
\LHOGLQJDFU\OLFXQLWVFRYDOHQWO\ERXQGWRWKHVXUIDFH7KLVDFWLYDWHGPHPEUDQHZDVWKHQGLSSHGLQD
706+($3'06
VROXWLRQ$IWHUUHPRYLQJWKHPHPEUDQH IURPWKHVROXWLRQ WKHSRO\PHUL]DWLRQ
SURFHVVZDV LQLWLDWHG E\ LUUDGLDWLQJ WKHPHPEUDQHZLWKZKLWH OLJKW%\ VWRULQJ WKHPHPEUDQHV LQ
7+)DQGZDWHUIRUKRXUVWKH706JURXSVZHUHUHPRYHGUHVXOWLQJLQDSKRWRFKURPLFPHPEUDQH
FRDWHGZLWKDQDPSKLSKLOLFFRQHWZRUN6FKHPH

)LJXUH3(6PHPEUDQHDIWHUJUDIWLQJWKURXJKSURFHVV²OHIWLUUDGLDWHGZLWKZKLWHOLJKWULJKWLUUDGLDWHGZLWK89
OLJKW
:HLJKLQJWKHVDPSOHEHIRUHDQGDIWHUWKHJUDIWLQJWKURXJKSURFHVVUHVXOWHGLQDZHLJKWJDLQRI
PJ)RU WKHGHWHUPLQDWLRQRI WKHDPRXQWRI VSLURS\UDQRQ WKHPHPEUDQH LWZDVDVVXPHG
WKDWWKHFRQFHQWUDWLRQRIWKHVSLURS\UDQDQGWKHFRPRQRPHUVLVWKHVDPHLQWKHPRQRPHUPL[WXUH
DVZHOO DV LQ WKHSRO\PHULF FRDWLQJ7KLV DVVXPSWLRQ LVEDVHGRQ WKHPHDVXUHPHQWVPDGH IRU WKH
GHWHUPLQDWLRQRIWKHDPRXQWRIVSLURS\UDQLQFRSRO\PHUL]HGDPSKLSKLOLFFRQHWZRUNVSUHVHQWHGLQ
&KDSWHU :LWK WKLV DVVXPSWLRQ D VSLURS\UDQ FRQWHQWRI ZWRQ WKH FRDWHGPHPEUDQHZDV
FDOFXODWHG

6FKHPH0RQRPHUELQGLQJWRWKHVXUIDFHRIDSRURXVSRO\HVWHUPHPEUDQHIROORZHGE\JUDIWLQJDQDPSKLSKLOLF
FRQHWZRUNWKURXJKWKHVXUIDFH$SRO\HVWHUPHPEUDQH%DPLQHFRQWDLQLQJSODVPDFRDWLQJ&63FRQWDLQLQJ
DPSKLSKLOLFFRQHWZRUN
 *5$)7,1*7+528*+$02',),('32/<(67(5685)$&(

&RPSDUHGWRWKHSUHYLRXVFKDSWHUVWKHUHZDVDQLQYHUVHGVZLWFKRISHUPHDELOLW\UHVLVWDQFHWRZDUGV
FDIIHLQH GHWHFWHG 7KLV PHDQV WKDW WKH GHWHFWHG SHUPHDELOLW\ UHVLVWDQFH ZDV KLJK XQGHU 89
LUUDGLDWLRQDQGZDVVLJQLILFDQWO\UHGXFHGDWGD\OLJKW7DEOH	)LJXUH
7DEOH3HUPHDELOLW\UHVLVWDQFHVFRQWDFWDQJOHVVSLURS\UDQFRQWHQWDQGǋPD[RIWKH3(6PHPEUDQHDIWHU
WKHJUDIWLQJWKURXJKPRGLILFDWLRQ
&RDWLQJ 5'/VFP
589
VFP
&$'/

&$89

63
ZW
ǋPD[
QP
+($3'06 · ···    
&RQWDFW DQJOH PHDVXUHPHQWV VKRZHG VLPLODU YDOXHV IRU PHDVXUHPHQWV DW GD\OLJKW DQG IRU
PHDVXUHPHQWV XQGHU89LUUDGLDWLRQ &RPSDULQJ WKLV UHVXOW ZLWK WKH SUHYLRXV FKDSWHUV LW FDQ EH
FRQFOXGHG WKDW QR VLJQLILFDQW DPRXQW RI VSLURS\UDQ LV RQ WKH PHPEUDQH VXUIDFH 6LQFH VXUIDFH
WHQVLRQGLGQRW FKDQJHXQGHU89LUUDGLDWLRQD VXUIDFH WHQVLRQHIIHFW RQ WKHSHUPHDELOLW\ FDQEH
H[FOXGHG$GGLWLRQDOO\WKHPHDVXUHGFRQWDFWDQJOHRIFRUUHVSRQGVTXLWHFORVHO\WRWKHFRQWDFW
DQJOHRISXUH3'067KXVLWFDQEHFRQFOXGHGWKDWSUHGRPLQDQWO\3'06LVRQWKHVXUIDFH
RI WKH JUDIWHG DPSKLSKLOLF FRQHWZRUN DQG WKDW VSLURS\UDQ SUHGRPLQDQWO\ FRSRO\PHUL]HG LQ WKH
K\GURSKLOLFS+($SKDVHRIWKHFRQHWZRUN
7DEOH6ZHOOLQJEHKDYLRXURIWKH
PRGLILHG3(6PHPEUDQHDWGD\OLJKWDQG
XQGHU89LUUDGLDWLRQ
&RQGLWLRQ 7KLFNQHVVP 6
GU\  
ZHW'/  
ZHW89  
7KHLQYHUVHVZLWFKFDQEHH[SODLQHGZLWKWKHVZHOOLQJEHKDYLRURIWKHPHPEUDQH$WGD\OLJKW WKH
PHPEUDQH VZHOOHG DURXQG  ZKHUHDV LW VZHOOHG  XQGHU 89LUUDGLDWLRQ 7DEOH  $Q
LQFUHDVHG PHPEUDQH WKLFNQHVV LQ WKH YHUWLFDO GLUHFWLRQ XQGHU 89LUUDGLDWLRQ LV PRVW SUREDEO\
DFFRPSDQLHGE\DQLQFUHDVHGVZHOOLQJRIWKHFRDWLQJLQWKHODWHUDOGLUHFWLRQ

)LJXUH&DIIHLQHSHUPHDELOLW\PHDVXUHPHQWVLQD)UDQ]FHOODWGD\OLJKWDQGXQGHU89LUUDGLDWLRQ
 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7KLV LQFUHDVHG ODWHUDO VZHOOLQJ UHGXFHG WKH DUHDRI RSHQ SRUHV DFFHVVLEOH IRUSHUPHDWLRQRU HYHQ
FRQYHUWHGWKHPHPEUDQHLQWRDQRQSRURXVV\VWHP7KHUHGXFHGSRUHDUHDRUWKHGLVDSSHDUDQFHRI
RSHQSRUHVH[SODLQVWKHLQFUHDVHGSHUPHDELOLW\UHVLVWDQFHXQGHU89LUUDGLDWLRQ
;36PHDVXUHPHQWVVKRZHGWKDWWKHUHLVDOPRVWRQO\3'06RQWKHVXUIDFHRIWKHPHPEUDQH7DEOH
6LQFHWKHPHPEUDQHVZHOOHGLQZDWHUWKHS+($SKDVHKDGWREHFRQWLQXRXVDQGFRQQHFWHGWR
WKHVXUIDFH,IS+($KDGEHHQQRQFRQWLQXRXVO\GLVSHUVHGLQD3'06PDWUL[LWZRXOGEHLVRODWHG
IURPZDWHUE\DOD\HURI3'06DQGQRVZHOOLQJRIWKHPHPEUDQHLQZDWHUZRXOGEHH[SHFWHG1R
QLWURJHQKDVEHHQPHDVXUHGIRUWKHFRDWHGPHPEUDQH7KLVVXSSRUWVWKHDVVXPSWLRQPDGHEHIRUH
IURPWKHREVHUYDWLRQRIWKHFRQWDFWDQJOHPHDVXUHPHQWVWKDWQRRURQO\YHU\OLWWOHVSLURS\UDQZDV
SRO\PHUL]HGRQWKHVXUIDFHRIWKHDPSKLSKLOLFFRQHWZRUN
7DEOH;36PHDVXUHPHQWVRIWKHPHPEUDQHEHIRUHDQG
DIWHUWKHJUDIWLQJWKURXJKSURFHVV&DOFXODWHGYDOXHVIRUS+($
DQG3'06DUHVKRZQLQLWDOLF$OOUHVXOWVVKRZQLQ$W
6DPSOH &V 2V 1V 6LS
3(6$FU\ODWH    
3(6S+($3'06    
S+($FDOF    
3'06FDOF    
,5PHDVXUHPHQWVVKRZHGDVKDUSSHDNDURXQGFPLQGLFDWLQJWKHSUHVHQFHRI3'06RQWKH
VXUIDFH$VH[SHFWHG²EDVHGRQWKH;36PHDVXUHPHQWV²QRSHDNDURXQGFPZDVGHWHFWHG
)LJXUH7KLVVXSSRUWVWKHDVVXPSWLRQPDGHEHIRUHIURPWKHREVHUYDWLRQRIWKHFRQWDFWDQJOH
DQG ;36PHDVXUHPHQWV WKDW RQO\ YHU\ OLWWOH S+($ ZDV VLWXDWHG RQ WKH VXUIDFH RI WKH FRDWHG
PHPEUDQH

)LJXUH,5PHDVXUHPHQWRIWKHFRDWHGPHPEUDQHEODFNDQGRISXUH3'06UHG

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
)LJXUH6(0SLFWXUHRIWKH3(6PHPEUDQHEHIRUHDQGDIWHUWKHJUDIWLQJWKURXJKSURFHVV
,W ZDV H[SHFWHG WKDW DTXHRXV FDIIHLQH VROXWLRQ SDVVHG RQO\ WKURXJK WKH S+($ GRPDLQ RI DQ
DPSKLSKLOLF QHWZRUN7KH ILQGLQJ WKDW WKHUHZDV DOPRVWRQO\3'06RQ WKH VXUIDFH VXSSRUWV WKH
FRQFOXVLRQWKDWFDIIHLQHSDVVHVWKURXJKVPDOORSHQSRUHVLQWKHPHPEUDQHDQGWKDWWKHVHSRUHVDUH
QDUURZHGXQGHU89LUUDGLDWLRQGXHWRWKHVZHOOLQJRIWKHFRDWLQJ
6(0SLFWXUHV VKRZHG D FKDQJHG WRSRJUDSK\ RQ WKH VXUIDFH GXH WR WKH FRDWLQJ )LJXUH  1R
SRUHVRUFUDFNVLQWKHFRDWLQJZHUHGHWHFWHGHYHQDWKLJKPDJQLILFDWLRQV)LJXUHULJKW7KLVLV
FRQWUDGLFWRU\WRWKHFRQFOXVLRQVPDGHEHIRUH%XW6(0SLFWXUHVGRQRWDOORZYLVXDOL]LQJSRUHVDQG
FUDFNV LQ WKH QDQRPHWHUGRPDLQ 6LGH YLHZV VKRZ WKDW WKH SRUHV DUH RQO\ HQWLUHO\ FRDWHG DW WKH
PHPEUDQH·VVXUIDFH$WWKHLQQHUIDFHWKHSRUHVUHPDLQHGRSHQ)LJXUH
$)0PHDVXUHPHQWV VKRZHG WKH SUHVHQFH RI WZR GLIIHUHQW SKDVHV DW WKH VXUIDFH RI WKHPRGLILHG
3(6PHPEUDQH )LJXUH7KH VL]HRI WKHVHGRPDLQVZDV VLJQLILFDQWO\ ODUJHU WKDQ WKHGRPDLQV
IRXQGLQDPSKLSKLOLFFRQHWZRUNVZLWKRXWDVXSSRUWLQJPHPEUDQHVHH&KDSWHU

)LJXUH6LGHYLHZRID3(6PHPEUDQHEHIRUHOHIWDQGDIWHUULJKWWKHJUDIWLQJWKURXJKSURFHVV

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
)LJXUH$)0SKDVHSLFWXUHRIWKHPHPEUDQH%ULJKWDUHDVFRUUHVSRQGWRS+($GDUNDUHDVFRUUHVSRQGWR3'06
7KH SUHVHQFH RI WZR GLIIHUHQW SKDVHV DW WKH VXUIDFH LV VXSSRUWHG E\ WKH ILQGLQJV RI WKH VZHOOLQJ
PHDVXUHPHQWV WKDW LQGLFDWHG WKH SUHVHQFH RI D FRQWLQXRXV S+($SKDVH WKDW LV FRQQHFWHG WR WKH
VXUIDFH %XW WKH SUHVHQFH RI S+($ DW WKH VXUIDFH LV FRQWUDGLFWRU\ WR WKH ,5 DQG ;36
PHDVXUHPHQWV WKDW VKRZHG RQO\ 3'06 RQ WKH VXUIDFH RI WKHPHPEUDQH0RUH H[SHULPHQWV DUH
QHHGHGWRUHOLDEO\DVVHUWZKHWKHUWKHUHLVS+($DWWKHVXUIDFHRUQRW
6ROLGVWDWH899LVPHDVXUHPHQWV
6WDELOLW\PHDVXUHPHQWVVKRZHGDIDGLQJUDWHRISHUPLQXWHIRUWKHILUVWKRXU$IWHUWKDWWLPH
DSODWHDXZDVUHDFKHGDIWHUFRORUGLVDSSHDUDQFH)LJXUHOHIW7KHIDFWWKDWQRWZDV
UHDFKHGZDVH[SODLQHGE\DVOLJKWEURZQLVKFRORURIWKHPHPEUDQHDIWHUWKHVWDELOLW\PHDVXUHPHQWV
ZKLFK PLJKW KDYH RFFXUUHG GXH WR D VLGH UHDFWLRQ WDNLQJ SODFH GXULQJ 89LUUDGLDWLRQ .LQHWLF
PHDVXUHPHQW RI WKH ULQJ FORVLQJ UHDFWLRQ UHVXOWHG LQ DQ DEVRUSWLRQFKDQJH RI DERXW  SHU
PLQXWH)LJXUHULJKW9DOXHVIRUIDGLQJUDWHDQGULQJFORVLQJNLQHWLFVKDYHWREHKDQGOHGZLWK
JUHDW FDUHIXOQHVV VLQFH WKH LQYROYHG UHDFWLRQ PHFKDQLVPV DUH QRW NQRZQ DQG OLQHDU PRGHOV DUH
DSSOLHGVHHH[SHULPHQWDOVHFWLRQ

)LJXUH)DGLQJUDWHPHDVXUHPHQWOHIWDQGULQJFORVLQJUHDFWLRQNLQHWLFVPHDVXUHPHQWXQGHUGDUNFRQGLWLRQV
ULJKWRIWKHPRGLILHG3(6PHPEUDQH5HIOHFWLRQ5LQRIWKHPHPEUDQHDWǋPD[ZDVPHDVXUHGRYHUWLPHIRUERWK
PHDVXUHPHQWV

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*UDIWLQJDQDPSKLSKLOLFQHWZRUN WKURXJKDQDFU\ODWH IXQFWLRQDOL]HG VXUIDFHRIDSRURXVSRO\HVWHU
PHPEUDQHDOORZHGWRDFKLHYHDVWHULFFRQWURORYHUWKHFDIIHLQHSHUPHDELOLW\RIWKHPHPEUDQH7KH
FDIIHLQH SHUPHDELOLW\ UHVLVWDQFH LV ² LQ FRQWUDVW WR SUHYLRXV FKDSWHUV ² ORZ DW GD\OLJKW DQGPXFK
KLJKHUXQGHU89LUUDGLDWLRQ,WZDVVKRZQWKDWWKHDPSKLSKLOLFQHWZRUNVZHOOHGPRUHXQGHU89
LUUDGLDWLRQWKDQDWGD\OLJKW&DIIHLQHSHUPHDELOLW\UHVLVWDQFHFKDQJHGIURP·VFPDWGD\OLJKW
W\SLFDO YDOXH IRU RSHQ SRUHPHPEUDQHV VHH&KDSWHU  WR ·· VFP XQGHU89LUUDGLDWLRQ
W\SLFDO YDOXH IRU FORVHG SRUH DPSKLSKLOLF PHPEUDQHV VHH &KDSWHU  ;36 &$ DQG ,5
PHDVXUHPHQWV VKRZHG WKDW WKH PHPEUDQH KDG DOPRVW RQO\ 3'06 RQ LWV VXUIDFH %XW VLQFH WKH
PHPEUDQH VZHOOHG LQZDWHU WKHUHKDV WREHD FRQWLQXRXVS+($SKDVHFRQQHFWHG WR WKH VXUIDFH
6LQFH3'06LVNQRZQWREHLPSHUPHDEOHIRUDTXHRXVVROXWLRQVLWLVDVVXPHGWKDWFDIIHLQHSDVVHV
UDWKHUWKURXJKVPDOOSRUHVLQWKHPHPEUDQHWKDQWKURXJKWKHFRDWLQJLWVHOI8QGHU89LUUDGLDWLRQ
WKHFRDWLQJVZHOOHGDQGWKXVWKHSRUHVZHUHQDUURZHGRUHYHQFRPSOHWHO\FORVHG7KLVFORVLQJRI
WKHSRUHVZDVUHVSRQVLEOHIRUWKHLQFUHDVHGSHUPHDELOLW\UHVLVWDQFH
7RREWDLQPRUHLQIRUPDWLRQDERXWWKHPHFKDQLVPRIWKHSRUHEORFNLQJRIWKHPHPEUDQHVLWZRXOG
EHQHFHVVDU\WRSURGXFHPRUHFRDWLQJVZLWKGLIIHUHQWFRPSRVLWLRQVWRVHHIRUH[DPSOHZKDWZRXOG
KDSSHQZLWK WKH SHUPHDELOLW\ UHVLVWDQFH ZKHQ S+($ DSSHDUVPRUH SURPLQHQWO\ RQ WKH VXUIDFH
*UDIWLQJFRDWLQJVZLWK  +($3'06ZWDQG  FRPSRVLWLRQV WKURXJK WKH VXUIDFHRI
3(6PHPEUDQHVZRXOGEHRIJUHDWLQWHUHVWWRFRPSDUHWKHVHUHVXOWVZLWKWKHDFFRUGLQJDPSKLSKLOLF
PHPEUDQHVUHSRUWHGLQ&KDSWHU,WZRXOGDOVREHLQWHUHVWLQJWRFRPSDUHWKHORQJWLPHVWDELOLW\RI
VSLURS\UDQLQGLIIHUHQWFRDWLQJVWRVHHLILWEHKDYHVDVLQSXUHDPSKLSKLOLFQHWZRUNV&KDSWHURU
LI WKH VXSSRUWLQJ3(6PHPEUDQHRU WKHSRURXV VWUXFWXUHRI WKHPDWUL[KDYH VRPH LPSDFWRQ WKH
VWDELOLW\RIVSLURS\UDQV
 
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
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 6*XLPRQG86FKW]%+DQVHOPDQQ(.|UQHUDQG'+HJHPDQQ6XUIDFHDQG&RDWLQJV7HFKQRORJ\
6XSSOHPHQW66
 '+HJHPDQQ(.|UQHU1%ODQFKDUG0'UDELNDQG6*XLPRQG$SSOLHG3\VLFV/WWHUV
 .+DXEHUW7'ULHUDQG'%HHEH/DERQD&KLS

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6\QWKHVLV RI VHYHUDO VSLURS\UDQV DQG VSLURR[D]LQHV VKRZLQJ SKRWRFKURPLF EHKDYLRU DW URRP
WHPSHUDWXUH ZDV DFKLHYHG &RSRO\PHUL]DWLRQ RI PHWKDFU\OLF DQG DFU\OLF SKRWRFKURPLF VSLUR
FRPSRXQGVZLWK+(0$DQG+($UHVXOWHG LQSKRWRFKURPLFPDWHULDOV$GGLWLRQDOO\DVSLURS\UDQ
ZLWKFDUER[\OLFDFLGIXQFWLRQDOLW\ZDVV\QWKHVL]HG7KLVVWUXFWXUHZDV OLQNDEOHWRWKHVLGHFKDLQVRI
S+(0$S+($DQGS$(0$UHVXOWLQJLQSRVWPRGLILHGSKRWRFKURPLFSRO\PHUV
$ILUVWDSSURDFKWRREWDLQPHPEUDQHVZLWKVZLWFKDEOHFDIIHLQHSHUPHDELOLW\UHVLVWDQFHVLQFOXGHGWKH
FRYDOHQWOLQNDJHRISKRWRFKURPLFFRDWLQJVWRWKHVXUIDFHRISRURXVSRO\PHULFPHPEUDQHV3RO\PHUV
ZHUH JURZQ IURP WKH VXUIDFH RI SRURXVPHPEUDQHV HLWKHU LQ DQ$753SURFHVV RU DIWHU SODVPD
DFWLYDWLRQRIWKHVXUIDFHLQDIUHHUDGLFDOSRO\PHUL]DWLRQSURFHVV
6XUIDFHLQGXFHG FRSRO\PHUL]DWLRQ RI PRQRPHULF VSLURS\UDQ ZLWK DSSURSULDWH FRPRQRPHUV IURP
SODVPDDFWLYDWHG SRURXVPHPEUDQHV DOORZHG WKH SURGXFWLRQ RI SKRWRFKURPLFPHPEUDQHV ZLWK D
VLQJOHUHDFWLRQVWHS3RVWPRGLILFDWLRQRIDSUHIRUPHGPHPEUDQHFRDWLQJZLWKVSLURS\UDQLQFOXGHG
WZR UHDFWLRQ VWHSV WR REWDLQ SKRWRFKURPLFPHPEUDQHV EXW WKH DQDO\VLV RI WKH FRDWLQJZDVPXFK
HDVLHU HJ PHDVXULQJ WKH DPRXQW RI 63 E\ GHWHUPLQLQJ WKH ZHLJKW JDLQ 89LUUDGLDWLRQ RI
SKRWRFKURPLFPHPEUDQHVLQGXFHGQRWRQO\DFKDQJHLQFRORUEXWDOVRDGHFUHDVHRIVXUIDFHWHQVLRQ
DQG WKXV D GHFUHDVH LQ FDIIHLQH SHUPHDELOLW\ UHVLVWDQFH 3RVWPRGLILHGPHPEUDQHV VKRZHGXVXDOO\
KLJKHUFKDQJHVLQFDIIHLQHSHUPHDELOLW\UHVLVWDQFHWKDQFRSRO\PHUL]HGVDPSOHV7KHUHDVRQIRUWKH
OLJKWUHVSRQVLYHQHVVRIWKHSHUPHDELOLW\ZDVWKHFKDQJHLQVXUIDFHWHQVLRQRIWKHPHPEUDQHVXUIDFH
ZKLFKOHGWRDQLPSURYHGZHWWLQJRIWKHWUDFNHWFKHGSRUHV
,WZDVGLVFRYHUHGWKDWK\GURSKLOLFFRSRO\PHUVZLWKD ORZ7J LQFUHDVHGWKHVZLWFKLQJSRWHQWLDORID
PHPEUDQHFRPSDUHGWRPHPEUDQHVFRDWHGZLWKDK\GURSKRELFRUULJLGFRSRO\PHU
3ODVPDLQGXFHGUDQGRPIUHHUDGLFDOVXUIDFHSRO\PHUL]DWLRQWXUQHGRXWWREHDQHDV\DQGIDVWZD\WR
SURGXFHSKRWRFKURPLFPHPEUDQHFRDWLQJV OHDGLQJWRVZLWFKDEOHFDIIHLQHSHUPHDELOLW\UHVLVWDQFHV
%XW WKHUH ZDV QR FRQWURO RYHU WKH SRO\PHUL]DWLRQ SURFHVV 7KHUHIRUH DGDSWLRQ RI WKH SURGXFHG
PHPEUDQHV LQDSUHGLFWHGPDQQHUZDV LPSRVVLEOH$OVR WKHDQDO\VLV WXUQHGRXW WREHGHPDQGLQJ
GXHWRWKHIDFWWKDWWKHDFKLHYHGFRDWLQJWKLFNQHVVHVZHUHLQWKHRUGHURIQPRUEHORZDQGWKH
PHPEUDQHVXUIDFHZDVQRWIODW
6XUIDFHLQGXFHG$753DOORZHGFKDQJLQJWKHFRDWLQJWKLFNQHVVHLWKHUE\FKDQJLQJWKHFRQFHQWUDWLRQ
RIPRQRPHURUE\FKDQJLQJWKHUHDFWLRQWLPH'XHWRWKHREWDLQHGWKLFNHUFRDWLQJVWKHDQDO\VLVRI
WKHVHPHPEUDQHVZDVPXFKHDVLHU7KHDPRXQWRIFRDWLQJIRUH[DPSOHZDVPHDVXUHGE\ZHLJKLQJ
WKHVDPSOHV6(0SLFWXUHVVKRZHGWKDWWKHFRDWLQJZDV²DWOHDVWIRUWKHVDPSOHVZLWKYLVXDOL]DEOH
FRDWLQJV²KRPRJHQHRXV
$VHFRQGDSSURDFKWRSURGXFHOLJKWUHVSRQVLYHPHPEUDQHVLQFOXGHGWKHSURGXFWLRQRIDPSKLSKLOLF
FRQHWZRUNV WRDFKLHYHQRQSRURXVSKRWRFKURPLFPHPEUDQHVZLWK VZLWFKDEOH FDIIHLQHSHUPHDELOLW\
UHVLVWDQFH%DVLFSHUPHDELOLW\UHVLVWDQFHVRIQRQSRURXVPHPEUDQHVZHUHIRXQGWREHPXFKKLJKHU
DQG HDVLHU DGDSWDEOH WKDQ WKH SHUPHDELOLW\ UHVLVWDQFHV RI SRURXV PHPEUDQHV &KDQJLQJ WKH
FRPSRVLWLRQ RI WKH DPSKLSKLOLF FRQHWZRUN IRU H[DPSOH UHVXOWHG LQ D FKDQJHG SHUPHDELOLW\
UHVLVWDQFH&RSRO\PHUL]HGDPSKLSKLOLFFRQHWZRUNVVKRZHGKLJKHUFKDQJHVLQFDIIHLQHSHUPHDELOLW\

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UHVLVWDQFHV WKDQ SRVWPRGLILHG VDPSOHV )RU FRSRO\PHUL]DWLRQ RI DPSKLSKLOLF FRQHWZRUNV LW ZDV
IRXQGWKDWWKHPRUH3'06ZDVXVHGLQWKHSURGXFWLRQSURFHVVWKHKLJKHUSHUPHDELOLW\VZLWFKHVRI
PHPEUDQHVZHUHDFKLHYHG
,Q RUGHU WR REWDLQ PHFKDQLFDOO\ PRUH VWDEOH V\VWHPV WKH DPSKLSKLOLF FRQHWZRUNV ZHUH JUDIWHG
WKURXJK D PRGLILHG SRURXV WDFNHWFKHG PHPEUDQH 7KH FDIIHLQH SHUPHDELOLW\ UHVLVWDQFH RI WKH
REWDLQHG PHPEUDQH ZDV IRXQG WR EH VZLWFKDEOH EXW ZLWK DQ LQYHUVHG DGDSWLRQ $ KLJKHU
SHUPHDELOLW\UHVLVWDQFHZDVGHWHFWHGDWGD\OLJKWWKDQXQGHU89LUUDGLDWLRQ7KHUHDVRQIRUWKDWZDV
WKH ILQGLQJ WKDW QRW DQ DOWHUDWLRQ LQ VXUIDFH WHQVLRQ ZDV FDXVLQJ WKH FKDQJH LQ WKH SHUPHDELOLW\
UHVLVWDQFHEXWWKHVWHULFDOO\RSHQLQJDQGFORVLQJRIWKHSRUHVGXHWRWKHFKDQJHRIK\GURSKLOLFLW\RI
WKHPDWHULDOGHWHUPLQHGWKHFDIIHLQHSHUPHDELOLW\UDWH
0HPEUDQHV ZLWK KLJKHVW VZLWFKLQJ SRWHQWLDO FRQFHUQLQJ FDIIHLQH SHUPHDELOLW\ UHVLVWDQFH ZHUH
DFKLHYHGZKHQSRURXVPHPEUDQHVZHUHFRDWHGZLWKS+(0$XVLQJDSODVPDLQGXFHGUDQGRPIUHH
SRO\PHUL]DWLRQSURFHVV IROORZHGE\SRVWPRGLILFDWLRQZLWK VSLURS\UDQ7KLVPHPEUDQH ORZHUHG LWV
FDIIHLQH SHUPHDELOLW\ UHVLVWDQFH IURP · FPV WR · FPV  XSRQ 89LUUDGLDWLRQ
3RVWPRGLILHGPHPEUDQHVFRDWHGZLWKS+(0$LQDQ$753SURFHVVIROORZHGE\SRVWPRGLILFDWLRQ
ZLWK VSLURS\UDQ UHVXOWHG LQ D PHPEUDQH WKDW ORZHUHG LWV SHUPHDELOLW\ UHVLVWDQFH E\ DERXW 
IURP·VFPWR·VFP$PSKLSKLOLFFRQHWZRUNVUHVXOWHGLQRQO\ORZHUSHUPHDELOLW\
UHVLVWDQFHV IRU FRSRO\PHUL]HG PHPEUDQHV DQG HYHQ VPDOOHU UHVLVWDQFH VZLWFKHV IRU SRVWPRGLILHG
PHPEUDQHV 7KH LQYHUVHG VZLWFK SURYLGHG IURP WKH JUDIWHG DPSKLSKLOLF FRQHWZRUN WKURXJK D
SRURXVPHPEUDQH DOORZHG LQFUHDVLQJ WKH SHUPHDELOLW\ UHVLVWDQFH IRU DERXW D IDFWRU HLJKW XQGHU
89LUUDGLDWLRQ
6LQFH KLJK VWDELOLW\ WRZDUGV IDGLQJZKLOH LUUDGLDWLQJZLWK89OLJKW LV LPSRUWDQWZKHQ LW FRPHV WR
DSSOLFDWLRQV WKH89VWDELOLW\RIDOOPHPEUDQHVZHUHVWXGLHG6WDELOLW\PHDVXUHPHQWV VKRZHGWKDW
VSLURR[D]LQHVZHUHPRUH VWDEOH WKDQ VSLURS\UDQVXQGHU89LUUDGLDWLRQ 3RVWPRGLILHGPHPEUDQHV
SURYLGHG XVXDOO\ ORZHU IDGLQJ UDWHV WKDQ FRSRO\PHUL]HG VDPSOHV 7KHUHIRUH SRVWPRGLILHG
VSLURR[D]LQH FRQWDLQLQJPHPEUDQHV DUH H[SHFWHG WR EHPRVW VXLWDEOH IRU DSSOLFDWLRQVZKHUH ORQJ
WHUPVWDELOLW\RIWKHPDWHULDOLVHVVHQWLDO
8VLQJSRVWPRGLILFDWLRQSURFHVVHV UHVXOWHGQRWRQO\ LQEHWWHU89VWDELOLWLHVRI WKHPHPEUDQHVEXW
DOVR DOORZHG D EHWWHU FRQWURO RI WKH SRO\PHUL]DWLRQ SURFHVV DQG IDFLOLWDWHG WKH DQDO\VLV RI WKH
SURGXFHGPDWHULDOV $GGLWLRQDOO\ SRVWPRGLILFDWLRQ UHVXOWHG LQ KLJK VZLWFKLQJ SRWHQWLDO UHJDUGLQJ
FDIIHLQH SHUPHDELOLW\ UHVLVWDQFH ZKHQ SRURXV PHPEUDQHV ZHUH XVHG 7KHUHIRUH XVLQJ
SRVWPRGLILFDWLRQ SURFHVVHV LV UHFRPPHQGHG IRU IXWXUH LQYHVWLJDWLRQV ZLWK SRURXV PHPEUDQHV
)XUWKHUPRUHXVLQJVRIWSRO\PHUVWKDWFKDQJHWKHLUVXUIDFHWHQVLRQVLJQLILFDQWO\IURPK\GURSKRELF
WRK\GURSKLOLFXSRQVZLWFKLQJVSLURR[D]LQHIURPLWV63WRLWV0&VWDWHLVDGYLVDEOH
%XW LI DQ H[DFW DGMXVWPHQW RI WKH SHUPHDELOLW\ UHVLVWDQFH LV LPSRUWDQW WKH DSSOLFDWLRQ RI
SKRWRFKURPLFDPSKLSKLOLFFRQHWZRUNVSURGXFHGLQDFRSRO\PHUL]DWLRQSURFHVVLVUHFRPPHQGHG,W
FRXOGDOVREHDJRRGDSSURDFKWRIXUWKHULQYHVWLJDWHWKHJUDIWLQJWKURXJKDSSURDFKVLQFHLWOHGWRDQ
LQYHUVHGFKDQJHRISHUPHDELOLW\UHVLVWDQFHDQGFRPELQHGWKHDGYDQWDJHVRISRURXVPHPEUDQHVHJ
PHFKDQLFDO VWDELOLW\ ZLWK WKH DGYDQWDJHV RI DPSKLSKLOLF FRQHWZRUNV HDV\ DQG UHSURGXFLEOH
SURFHVVLQJ

&21&/86,21$1'287/22.
)XUWKHUPRUH LW LV LPSRUWDQW WR LQYHVWLJDWH WKH ELRFRPSDWLELOLW\ RI WKH GLIIHUHQW SKRWRFKURPLF
PHPEUDQHVVLQFHQRGDWDDUHDYDLODEOHH[DPLQLQJWKHELRFRPSDWLELOLW\RIVSLURS\UDQVSLURR[D]LQHLQ
DSRO\PHUPDWUL[$GGLWLRQDOO\LWLVLPSRUWDQWWRLQWHJUDWHWKHPHPEUDQHVLQWRGUXJGHOLYHU\VHWXSV
WRSURRIWKHLUIXQFWLRQDOLW\IRUFDIIHLQHGHOLYHU\DSSURDFKHV,QYLWURWHVWVKDYHWREHSHUIRUPHGIRU
H[DPSOHZLWKSLJHDUVNLQDVDPRGHOIRUWKHVNLQRISUHWHUPQHRQDWHV,QLWLDOH[SHULPHQWVVKRZHG
WKDW SUHSDULQJ WKH SLJVNLQ ZLWK D VFDOSHO LV QRW VXLWDEOH GXH WR ORZ UHSURGXFLELOLW\ RI WKH
SUHSDUDWLRQ7KHUHIRUHLWLVHVVHQWLDOWRZRUNZLWKDGHUPDWRPHWRSUHSDUHSLJVNLQIRUSHUPHDELOLW\
PHDVXUHPHQWV$GGLWLRQDOO\LWZRXOGEHLQWHUHVWLQJWRVHHLIWKHWUDQVHSLGHUPDOZDWHUORVV7(:/
LVFRUUHODWHGZLWKWKHFDIIHLQHSHUPHDELOLW\RI WKHVNLQ,I WKHUH LVDFRUUHODWLRQ WKHSUHSDUHGSLJ
VNLQ VDPSOHV FRXOG HDVLO\ EH DQDO\]HGZLWK D 7(:/DQDO\]HU EHIRUH SHUIRUPLQJ WLPH FRQVXPLQJ
SHUPHDELOLW\ PHDVXUHPHQWV )LQDOO\ LQ YLYR VWXGLHV KDYH WR EH SHUIRUPHG WR SURYH WKH VXLWDEOH
IXQFWLRQRIWKHFDIIHLQHGHOLYHU\VHWXS






Å,FKELQPLWHLQHP&KHPLNHU]XYHUJOHLFKHQ
GHUGLH6WRIIHNHQQWXQGGLH5HVXOWDWHDEZDUWHW
,PPHUZLHGHUEHUUDVFKHQPLFKPHLQH)LJXUHQGDPLW
GDVVVLH'LQJHWXQRGHUVDJHQGLHLFKQLFKWYRQLKQHQHUZDUWHWKDWWH
MDVLHN|QQHQPDQFKPDOPHLQHQXUVSUQJOLFKHQ3ODQY|OOLJXPNUHPSHOQ
GLHVH7HXIHO´
+HQULN,EVHQ,QWHUYLHZ

